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A:STRACT 
.. _. :; 

Profram 2 had the Department of, Dere~se rcspone1b111ty tar the proper 

proseoution or the Nuclear P~diation and Ef'fecta Progru in Operation RED\lIOO. 
w~ 

Th~s report covers the portion or tl1e program concerned vi th'1 the distribution 

or radioactivit7 in the cloud resulting from nuclear explosions and the sub

sequent fallout or material from the clou~. 

Fart.ic1pat1on involTed the following af;enc1ess Evans Signal Iaboratorn 

N~val f.adiological Dafenee Iaborato171 Scripps Institution of OceanographTJ 

Nev York Operations Office, AEC; Cha~ical and P.adiological laboratories, ACCJ 
w. ,..,k_,~ti. fr. i_(~- l-l.'-:y 

and Air Force Special Weapons Center. REDWDm larre yield events ..i;,,y;"8 pri-

nary participation vere Cherokee, Zuni, Flath~ad, liavajo, and Tewa vith aec0nd-

ary 1.~as.surer.en' s tia.de on events La.Crosse and !~ohavk. 

A wica variety cf inst~enta.tion Yas e!=ployed by tl:e ve.rious bl0r·~t~ri 

f'_roi.:ps. r.ock~ts and manned aircraft r.a~e penetrations into t"" . ., c~:·.d and 

stem. Instruncnts recorded the time or arrival of fallout, collected incrc~3n-

t9.l and gross ea:..ples of fallout, and neasured the radioactivity in the a.ir, 

on lwc surfaces, and in the lagoon and ~cean vaters. Sa:Jples wera collect.ad 

by a nunber of difrerent :means, inclu<ling n::.nned ships in the dcr..-;ntlnd fallout 

ar~a; skiffs deep moored in the open oce~n; barre, raft, and land st~\ions in 

tha nikini Uigoon. Aircraft and ships were used to survey the open ocean areas, 

helicopters with detectors suspended belov ani:s!~r~~ll.'XEJl.~~OJt.,. 

aroas. The vatar in the lagoon va.s examinad. SAN BRUNO FRC 

Data coneisted of tir.e and rate of arrival of radioactivity; character of 

raliout material including particle size, c~::?poeition,a.n~ act~vity, total ex

posure on lane; and_ exposure rates on hnd; in the air, B.lld in the lagoon and 

ocean va.ter. Wind data. and the size and shape of the visible cloud and etem 

vere recorded to assist vith theSfK aE!llout pattern. oun 9114 
. '. ·,___.·.~ 
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No fallout was neasu~ed from the Chcrokne air burst. Prelil!linary results 

1i~-,y a difference in the nature or fall())lt ~aterial between vater surface 

(l"l~the~ and Kavajo) and land 1urrace (Zuni and Tewa) bursts. The former 

consisted or an aerosol, mud, and a ealt7 slurrr and the latter ot a fine d17 

1olid material resembling modified coral. Hirh exposure ratea were measured 

in the lover layer er the cloud and little actirlt)" va.1 detected in the et6Jl -

althoueh large active particles vere collected which apparently came fraa 

lower stem altitudes. Particle fall, time or arrival, and exposure plots 

have been developed trom the data. EIPCEURE AND RATE C~ITOURS AP.E FRc>f J'RE

T..Il'H~AP.Y PATA ANr. MUST TIE USED WITH CATJ?ION. SC!!le in-close readinrs are given 

and those near the Mohavk C!'atar extrapolated to H,ll hour in ma.ny ca~es exceeded 

101 000 r/hr. TheF-e values are hi~her than any previous extrapolated data 

based on D-day ne9.surenents. 

It is tenh ti v-~ ly concluded for the si~e of shots involved that ra.d io-

active fall)ut Material originat~s in the lovar layer of the Lucl~qr cl~ud and 
A-t Ir.. t\·,~ I~ -

thlt there ie: little ao}ivity in_ the stem. \ 
iy•,1.-): ( {1~ d. 1 O "-.>t .).t._~.~ I~~ • t() 

A nir:.~rin.l,air burs~ over water. does not _pr6duce fall~ut or milita.rr 

1d,..;1~~iC3.rtce. I /;..J-/ ' I) ~ -. f r· I ' ~7 . i ". 
( • - •• I - , A7A Y"'"l...if lA-'''" L•'.:{; L1tl)--~ # (c.t.-l)f"'!y\,{11 .... C' . .:··)·1.{ .<' : r , • • I • f . I- •, ~ .>-l "-6 V J , J~ ~ , 

fhe 0A-p0~ure r~te from surface burst fallout,1s probahly proporti~-~o 

'J'ont'ltively ~:nJ vithin the cgfinitious of t~is report • 
fC"r.f.°,,.' ,..,.,f.t 

yield) surface t·..i:rst will pPodl'~ an areg, of over 1 1 500 aqua.re miles ·.en-
- . •. ~\-, ~. " j \ 1 

-~§Elli:t-~ to a level vhich will be lethal t~ffx,osad personnel. The sickness 

area vill comprise more tlan 31 500 squa~ riles. 
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This report is a Bl1rtl3J7 md consollc!atlon ot the prelltln&r7 1ntor

mat1on anlla.ble on the ts.llout studies at Operation REDYINJ. Data h 

~esen~ from m1m7 ot the projects 1n Program 2 wich \Orke4 !ndid4-

ua1q and in close ~operation to c1ocm:ent the tallout. Append!% A 

gives SO?!ie infori:ation OJ1 tbe 1ndiddnal. projects and the type of data 

each obtained. 1 mu:ber or projects also gat~1ered data on other prob

leas s-.ich as 1n1 tial. radiation and contamination and. deoontenination. 

The preliminary results or these efforts are not included in this report 

since the1 vill be presented in detrll. 1n the individual project reports 

end are Dl.so oovered in the Task Unit 3 Sw:!l'.::327 Report. 

Since this report vas witten vi thin e. rev veeks art.er the conclu-

sion or Opernticn F.ED\lING, the data is necessarU,.. prelir.i.nery and mib

ject to possible t:ajor changes. l~cll of.' the data from dettlled l.2..bcra

to17 an~sis of the fallci.lt Satlplea and f'ron careful interpret2.tion ot 

the records Yas not avdltlble. !Io-.:ev£:r, !t va.s felt that the general. 

fe.llout picture, inclnd.!Dg the estirlated radiation oontours ror the in

divi.dual ever.ts, vas or sufficient !.I:oecli.e.te interest to va.rrant presen

t~tion or the resnlts although the:r vcre subject to change. 

This consolidation wuld not have been possible without the coopera

tion and assistance or the follO'..ring Project Officers and their proje cts1 

~._Peter Brm.'?11 Projects 2.1 - 2.2, Evans Sign.?! L.!.borat-077; S~ BRUNO FRC 

Mr. Richard R. Soule, Project 2.61, traval Re.diological Dercnse · . 

-I t.a".>oratom BEST AVAILABLE COPY 



Hr. Feenan D. lennlnga, Project 2.62, Scrl~s Institut1on ot 

OoeanographJ's 

Dr. TerrT Trittet, Project 2.63, llaftl llad!ological Detense 

! L&boratorTJ ; 

Mr. Kobert T. Gra.veson1 Project 2.64, Kev York Operations Ott1ce, 

\. .1EC1 

Mr. )ientred )!orgenthm, Project 2.65, Arq Cbelllical CenterJ 

Colonel Ernest A. Pinson, USU• Project 2.66, .l1r Farca Special 

\lea.pons CenterJ 

)~. Heins Rinnert, Project 2.71, 1faval Ra.d.iological Detenae 

Labo.,. atoey; and 

Y'1". Y.iebael M. Digger, Project 2.10. Eaval Radiological Defense 

Laborat017. 
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show 1n Table 1.1, b&ve been do~nt,ed tar talloat to "ll7 apprec1ab1a 

ext.ent. These ware tbs surta.ce (•s•) mot in Oparaticm lAIGI&, the 

1.1.2 .1 l AIGIB &qrrace Shot. Oa the J AIGLI tsartaca shot 'Ule ctiatr1-

b1t1on ot borl> delris vas <\ocumentec! in detail, parU cnlarl:r close 1n. 

The 1.ov Jield ~~-:.e 1t possible to wt tef too ra.diati~ pat

tern directl7 v1 th ham and vehicla carried sur~7 !nstrmr.enta. 

·--·· ------
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TABm 1.1 

Shot Yield Data and Locft.t1on ! Remurb Ref9ennae• . 
JARGUC 19 IOY Sl. Yucca nat, hlloat vu wll doca- l tbN 16 
Surtaoe 18ftlda Ten Site. 11ented, part.iala-17 

close in. 

~ 

IV! MID 1 Bew $2. JUBA• Fallout w.n 8.om...,ted 10, u. 1'7, 
(Sbat 1) 

~ 
Bniwt.ot Atoll. 1n the upvin4 end aroee- 18., 19 

v1n\ dh'eot!aaa. 

CASTL! BRAVO ~ 1 Mar 54. Vut ot CllARLIK Close !n hl.1mt WU wll 10, 11., 20 
(Sllotfrl) m net, BW.ld. At.oll. domment.4 oom 14eritg ~:n 

I 
~.nge to inatrmlmtaticn. 

J SOI18 late av t6" 4ata vu 
obtained a'botlt 150 .U.. f 

I dowmr.lnd. 

I 
I 

10. 11. 20 CASTm KOOR [ 27 Mar S4. Vut on4 at ral.lmt S.UtraMiltatim 
(Shot 3) DRE, JHld.Di .&toll. lbd.t.d. · Dowwutea 'Uaft 'ZI 

about 15 _,, .. dovlndn4. 
t f 

4••.' 

"(/l 
BEST AVAILABLE COPY 

, . . ii . . . 
,_ .. ~ 

~ 
' 

0 
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JleL~i:enta ot tbs qunnU.q ot tal.lout utor1a.1.1 t!t:e of arl.nl.1 m4 

rate ot arrlnl were o~~ta!ne4. Fdrl.7 coJllllete ~al an4 ra4!o

phJB1cel. ~·at the tall.CJUt inrticnlate vere msae. Thi 100 r~ 

contour at 1 hour art.er cletonatlon extended R>re than 4,000 J'l.l'ds c!cr.m

v1D4 anc1 na a crostnd.nd extent ot ~oo Jarda. fha dovmdnd a.tstcnce ex

tendD4 vell beJ'Ond th! rep.on ot blast am therml. c1amage an4 tberetcre 

the JAR~~ results sho.red appreciable areas vith tUl.oat at ldlltal7 s!&

nitlcanoe. Considerable tract1ona.Uon vaa oboenec! 1n the taUoat trca 

the 1ABGIX aho\ em a clepeDC!enee ot the radioehct:d.cal coq>ositim upcm 

particle aile vu Sndicate4. The distrlbat!Cll ot act.1 d v v1 tli particle 

elze and the distrlbtttloa. of act1dty on d. vith!n pe.rticles va.s atudlecl 

in detail. It vu fO\md that alr.oat all tha act1Tlt7 va.s associate4 vith 

particles larger then 100 mcrona in d!.emter. Resa.lta also Ee7.-"Cd tba\ 

activifi7 vas distributed. un!fon::l.7 in so:. puticles while 1n oth:r 

psrticlea this vas not true. The &etidq vas alL?st newr found to be 

concentrated near the outside or the paticle. .lctiw parUclea raicact 

from oo~ colorless to ~et bl~ck, but, the a.ctivlty vas usual.q associ

ated vith tbe ciaker colora. BEST AVAILABLE COPY ~ 
~~~·BRUNO FRC 

J,,l,2.2 The IVI J.~~ Sb...~. Tbs IVY Km Bhat ot &boat~ 
"\) ~ -yo. f ~t~ 

doewr:ited onl.7 in the up.dn1 and crosmdnd <Hrections. r~~irc.~~ of 

the crosMM rallotlt ~-rival tim1 1.""ere i:Ddepende~t ot distance troa 

ground zero md tba duration or t.he cbcenad tell.out vas approximate17 

1 to 2 hours. lo erl&noe or en.7 y-~cla size tra.et!onat!on vitb cross-

vind distance vas tound am there wre onl7 mager 1ndics.tioos ot parti

cle a!ze tra.cticnation v1 th the. 

( I. ; - I; :• 

'-- ·. . 

• 
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\\. ~~:M}· H '-'&· . ~ ~ ll -- . 

l,1,2,J CAiS'l!.B BRA!Q Shqt. Shot ~ Opcrat1cm CASTr.& vu a lml4 

surt'ece barst vit.h a J!e14 otllliil ,tJda sbot pro&.i_ced tall.oat d 
~~~ .... _ 

lewls ot .UltaJ7 dga!ftcmoe Oftl' a tre'tent!oa9 area. leailta at 

thil 8hot. show4 that wapons ot th1a VP' ana 7!814 oe be npeetaa te 

pro&loe l.ewls ot naitb1&1. radiatioB ~ to 1mm!ll Ute Oftr 81w:'• 

al thouaamt S...""Ual'8 alles. The tllresbol4 Talne tar rad!aUcm Jeftll ot 

ldllkrT sipitt~ !a !n&e4 cU.ttlcult to speclr7 quant1tat!q 

•!.nol l\ nrles ~. 4epgm!DC 11pm tbe put!.catua ettect un!er ccm-

81&rat1m. Jlovewr, !a this report, radiatlcn lewla abcmt S r/ar 8' 

1 llom' attei- 4e1:onation are arbitrar1J.7 ~!.aere4 to haw lllllta7 •!c .. · 
nit!oonce. (!eterence 28,) Gmmra la~ls ot atllt&TJ e!pltlcanoe vere 

toun4 to erlat a\ a downwind distance of at 1eut 280 nmt1ca1 aUe•. 
It va.s cmcluded that an erea wp.rar4a ot a> ml.lea h v!.dt.h anc! 120 lllle1 

h length dovrndnd vonl4 prOOuce cuwtl.t7 effects !a the ~ ot th1a 

t7P1 ot surt'ace land deton&tton vitll a ;rield 1D tbelliir~e. The 

c!ata showed a aubatantlal contrllnt!m to the reaic!nal actinq .trca 

neatrcm oapture prodneta ot u238 !ncluding u237. v2'1 and its c!mg!itezt 

Jp'lYI, and lp2/JJ. This contribut!an !11rtnoneea IW'kecll.T tha cmma 
enezu diatrlbutian and decq rate. fheoretioal OODS!deratiOD8 1nd1cate 

thd tle :relatiw oout.d.mtiml troa ihe 1p2'J9 1rr11.aa up to a Mrlwm 

tour c1qa after the llbo\ a:aa its effect la to recmce the gross c1ecq 

rate below tba\ or the tlsdon procblcts el.om. SAN BRUNO. ?c\ 
1,1,2.4 CASTLE mcm Shot. The KOOi &bot at CASTLI ha! a Jiel.4·-eon

s1c1era.bl.J' le~s than th9 BRAVO shot. Becmse ~ predolla &map to th9 

instrcaentat!on and oparatioual dit!'1calt1es, tallou.\ dec>aartaUcm far 

tor tMa shot vu lbdte4 to total eollection type ~tatim. 

1,1,l 1'.gdgm1p ot Falloat. Vhen a nueleezo detDnatlon OCCUMI• the 

~um rfu.oaeuw pro:!ncta torlE4 111'9 ot tbhee~AVAILABLE COPY 
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•• nsdan product.a. 

b. •wtron capture pro4ncta torzed !a the reactirc bed> mterl&l.a. 

cs. hitrcm oa.pture proda.ct1 torJ?Bd !n the Miehbar~ enth .. tha 

vata. 

oth:rs. Vhan an ew>~ciabla Pi-rt ot tm fission Jield result3 trcm 

~cc~ tlssion or r;r238, the neutron c3.ptlxr9 products, parti.cul.u'lJ' 
239 . . 

Ip , CODtri~te a~canU,- to the £.Ctirlt,' dnr!ng tba r~t 

dqs. In tJJl7 ~, the activ1t7 bduce4 1n the local soil encl other 

zieighboril2g iatcrials ls oc::q>letel.7 mwd \lben~v::r it is h the presence 

ot fis~!on procmcta end a.cUvi tr rr011 11-~tron C3.ptul'e prodn~~. When. a 

wee.pen la ~.aton::tod so that a portion or the rlre~-11 intersects the 

grcr.md, £n t!p~Gciabla UJC>..:.Dt of ~~ mntgritl beco=as inoorfJOrated. 

in the ri:eball in the gu~o·.181 1~, l!nd e~ solid 3tate. Tb.18 
,; 

£Stcrial beco=es ~.nH~.a.tel7 Jdxod with the fis!don !nd activation pro

ducts. Ast~ tire~....11. cools• this 12t.eri& oondenses and a. consider

able t'ra.ctlon or ilie E..ctiri.i(T be~s associated vith the mterial 

particles. The r~id v.rc-.rd BO~nt ot ths tireball and ensuing CtoaAJ/ 

prob~bl.7 carries this i:aterlal ~ am sobs&~ntl.7 out\.~ vith t.ba 

rri.Ldiu expmsion or tbe cl.cad. BEST AVAi LAB LE COPY UNO FRC 
. - SAN BR 

One.a the turbalent n>tio?l in the cloo.d has abated, tbe pr.niclea 

~..enca to .rall a.t a rate datermL~d b.1 their size end to E0'1e bori

~ with the local air ~ion. Tbomparticles vith a tUemter 

. greater than 7S microns \dll ftll. to 1;he sarre.ee vi.thin a dq ancl / / . 
--1./ /.f - . -~ , /,,..)~/,.. .._/: .~ I._- ~-:-. ,/ -~:~; .. t I IP i•..J_ . ~ .. ~ C>i(~~ J. .1 

' -/--"',._. --'/.1 /;;,-' <-". ·./- ''--'-.._ 0.~- . ' ·- / .· ·· " _ I 4/ . I" ~- -~~ 
- . '--" ..... -· . I . ' _,,;__ -~ ~ }tc..(,.A.u~-c-i,...~., /t'v· nu .. ~VrA,,,..._,,.... ~./; ..... (Ir t,i,'"'_ 

·°""' tft.r.- ~/.L< fr~\' ;J ~J--- ~ · Ao~ :r'4 l 
..,_. +I ,z. j .... -Jj .14/j;-,..,. • 

C,/-1\.!.(f/{. 'J ,,,..J.. ~~ ~ ... ,- , -......... , I· c 'I " 
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eontzlb'ilte. t.o the local fallout crmtonra. Smllor pirUcle1 tab lon.;er 

t!J=e1 to eettle an4 are also lnttDonco4 ~ b7 ftrl!cal a1r 

motions. 1!.Ji t;arbal.t'%1ce am Yar1ows weather 41stm-b&ncea result in a 

pertube.tion or tbs tau.out pattern. BEST AVAILABLE COPY • • 

• The problea or detailed tall.oat. predicf'~on Ulen ~tttrallT eeps:ratd 

1tselt blto two parts~, .. ~ is the establlshr.ent or en appro,;rlate 

D'>del tor the 1n1tial. elwt\1 !.ncludlrli tbs cllstriblt1on ot aet1Ti.fi7 as 

a tunct!on or particle sue and position at a Ur~ "W'hen t.be turlm.le.n\ 

not10LS no ~er attect tlla psrticlea, that !a1 wen thq are J90?S4 

~ 111' gravitJ' and the rc-evdU~ vind. Th1a 1n1tis.l. aistr!ba.tion !a 

ex;:>ected to be • f'unet!on or the total yield aod fi.s.;lcc yield or thl 

weapon an.i its e:iviromncnt, ana also to be artecte4 somwnat b7 the 

1:eteorolo;iccl c:>:xlitions, par-9'""1.cnls.rly tbs location or the tropopmse. 

In addition, there are a nm:ber of othor c:ins!der£t1ons s:icb. e.s ~cul15%" 

oon.:lenae.t1on and falling ertects, i.e., c~......, in particle size v!th 

t~, \lhich plq a role in S1J.7 detailed model. 

ne aecood part or the eal,..nie involves the predlction ot the tha 

or !tT"-ri'P-1 e.nd locaticm Cl1 the parrace &S!k)Ciated "1th eacb poaitica 
7,; ,:~u-< ~ J ._,. ~. • -.. 

f!ld particle a1ze in the ~ and hence the construction ot 1.nt.EmsiV 

co:.tours. Thia procedure !nvolvea tbs CQ'QPlete vind. etrnctllre h tba 

erea or tall.C1.lt trca abot. ts. until the the all 'the tall.mt ot inter-

est has reached the airraoa. Sum a cm:plate analysis as !a oat.lb~~ Bllt:fNO fl\C 

above inwlwa t..lie use ot detailed ve1it2ler data &ld "-oul.cl, 1n general, 

be Yer'J' the coc.swn4ng. Fer tectie5l !d.llta.J7 situations end civil 
- . 

detense iq>pllcat1ons, the a.ecaney de:rlrod does not d~ sum a 

,.... . ·'' ·' ' ; c: I ' L• .. 
l ! , ' I ~. . . . 
\,: ... "' 



ccm,lete cUpis bat the a.ns~• are des!red ha abort. tlm. Tbere

tore, !.\ 11 caavon!en\ to .!oscr1b8 the taller..:\ pattern m t.en:s ot. 

tev parameters ~cb u uea, do~ c11~°'' crosSil!M d.lst.=.ce, dM 

lt clrcle a:roo.n<! ground zero, et.o. · 
l: 

!be aoa~ relations tar these p.iraoot&rs can then be esta.bllshe4 
\ 
!n t.an:s ot veapcm and en~ntal. cba.raeterl.stics en! a grosa estinl.te 

ot the DeteoroloZicaJ. condit1ona. BEST AVAILABLE COPY 
Bxpcrlmnts on fallout sca.1.!n: ~la haw been conducted vith high 

e7.plosiw cb~gea rmlgil\t troa 150 pounc1s to !iJ toruJ exploded on a lend 

surtace. The lA13IZ surtacs shot. 71~ data at 1.2 rt end the IV! 

MIKI am CmLB B!llVO data repreae:it points at 10-15 m-, a J".-eld tactor 

or w' hlGher th.'Ul JA?l~IB. '!'be le.rr=:e yield datn ~ vas obt.rlned vaa 

part! ettlarly spe:rsa in both t!-.a do-.mi.1-""'1 E'.M cross dnd dire et ions. 

The ab:plest ecal!uig l.av that m..6 been proposed invol~s scaling all 

contour dimnslecfl, a:s wll as tbs contour r.::1~s, bJ' tbc robe root ot 

tha Jielc!. Tb1s procedure ~nserves t.'ia tctal rateriu in tm wapcm 

al'~ itplles tl:-e 8ez:8 fraction of all eizo Ve:!pOr.s to 00 lc-er;ll7 deposited. 

The l:!.t:lted reasure::cnt.s pertor:md terr CAST:E BitAV01 ha.re-var, indicate 

contour dll:ensions !pprecl~bl7 la.r~er th~ the ~-lnss sctle4 trca ~ 

l~iam sr!rta.ea shot e.nd. therefore a pro~dure or scling 'hr interpol&

t!on betwen m~-ui-ed ~...lues 1s probably cch core reliable. Cunea 

have been developed. \.hl ch ere based en all the availP..ble data end ere 
SAN BRUNO fRC 

nod pract1cl tar rapid rou,;b est!Dates (R~torc:nca 29). 

Obv.1ousl7, 1nstttticient fallout test dst.a has existed to pertana 

reliable scal!ng. The riost proritablo pl!!?l or attacl: on this problea 

·-------------·--·-~---



. 
la.rs traa it. h th!a vq the efte'Ct ot oth:?r pararetera such u wbl4 

speed am shear ~be better evaluatca. Therefore, the prlmry ioal ot 

thl tal.l.od ~cumente.Uon at Opr:raticm REITJIP-J wea to ~ the tall.od 
~ . 

in evert 4etd1 as eoti>lsto~ u poss1bl£J md thereb7 t.io contrlbate to 
t 

the 4avalop:?:ent. ot a detd.lo4 mod.el. 

l· 1,4 Objs~Uyzs. 'lh9 i:enerel objectiw ot the Fall.oat Prozra ia 

O~rat!on REir.?IN~ va.s tho completG tall.on\ d~tation ot shots CIE.rtal.ZI, 

ZUNI, Ff&.lTEEAD, IAVA30, Cid. P.iA rlth aom incl.dental pgrticipstlon on 

other shots or gcnsrall;r s=ttller Jield. Tba tollcr.d.ng vere es specit.lo 

objectives 1n o.ocmxmth;i the ta.llout.t 

J,.1.l&l Cqllection ot the Ffil.lcr.;t l!s.terlel· Th!a objsctitl includ~• 

the collection or the fsll.cnt ~ t3riel at tbQ rollcr.dng stat!~~· 

1. Islan:ls ot B!kin1 !toll. 

2. nos.tll>g collection pl:ltror?::S loca.t~ in th~ IH.kini IP_goon 2nd 

3. In the oeecn vater. 
BE.ST AVAILABLE COPY 

4. At a rc~e a.toll loc.stion ~erlk). 

1.1.l+ .• 2 R4die.Y,0ci-1te®Jsn.-?J1.0E1' J,yd ~ Slt!"faqes. Om objective · 

w.s to gather radie.tion readillgs at the aoove tl?!lticned locs:~.ons vhlch 

could b3 reducsd to yiel4 the contoors that uould hlw existed it tbl 

1.)..4.l Pistrilvtio;J gf Aetirltz in the .O~gn An'Z;• Thia objectiw 

\r9-B to mke use ot the ocean e.a a collector o£ act1v1t7 and to naluate 

a mthod ot 1n1'errln3' land surta.ee radiatia:i oontours rrcn ndic~au 

masu.rocents 1n end above the ccem. 

,-_ ..... . • . ·' .• ! ~ t :.. ~ ... ~ .:. ~.... ._. 
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~ .... : ...... ·~ ~ _:, I 

(;/·~ . ~ ~. , '·· .;,/ ~ / ~ ,,(;-~ ""-
1.1.1. 4 Pls~]Ntlon 2f Act~rltx ht tm h~ler,r e.+g. Th1a objoo-

tln vu ~,,~-<-~~~~ a the Wtlal dietrlbutlclll ot aotb1V !a the 

stabllhe4 ~ &n1 to test a mt..~o! ot obt.d.n!ng ~data vith rocke\ 
,. 

borna &tcctcr-tele::etar u:Ut1. Tho intent vu to ob'tiah data to eo~ 

t\, relat1va activity ot t.'be cleid c4 ~tc:l ~ the dUt.rlbutiCG of . 
,~. 

aCUrl.V within el!.Cb ot tmss rec!.ons. In aM!Uon, it ~,~.~ tla\ 

acme ad,llt1011u d.a.ta on tbe diatrlbution o~ ect!rlq h tba c1n:I end the 

expo31Il'e rate• to per~.....!~~ be o'bte.imd trcm aan:ie4 a!rc:raf't 

fiigbts into tha cloud/jet times ot l-/Z to 1 hoar a.rter detomt1on. • 

.i.t.4,.5 .m~1nR:ut ~~.at~ rJlU.orrti &Wt:~a- 'fariO'JI ~t

eal and. che:d.ca'.l. ens.l.ysas on the t~lloat •tcrif'1 vera pU:nned to g!w 

the follc1JL.~ int~'ltionl 

l. l'uticle alze di:Jtrlb.ttion &S a fUn.et1CC of tire ot collection 

and 1.oce.Uon. 

2. Gross dccq ot the fallout activity (startL~ at veey earl7 

ti!rea). BEST AVAILABLE COPY 
3. D1str1bnt1on or act1rl:t]" on end •-it.bin pr.rt!cles an! &a a !\me-

tian of ps.rticle she. 

4. Quent!~ ot certain 1Ddirldual nttclldes e.Dl tractJ.onation. 

1.2 AIR DURS'm 

l.2.1 J!e!:h!!t!OD• Thi air birst or m atcme veapm is define! u 

cn:.e in t?io eir a.b:>ve ll!lld or vat.er at a he~cbt grader than the red.ius 

ot the fireball. 

• l,2,2 Frertro1 Test F.esnly. 1 lllmber of test.a or \tMpo!'4& of rela

ilvel.7 erall yielda 1n tiavad& ha-re ,1ven resnlt.s vhlch sh!T.r that the 

,- ,·· , '. , ~ . '1 
l' ·~: -' - ~- .. 



fallo~ ot ra~~ct!w 1r-terhl trcn !ZJl ah- burat b 083C~tial.q ncell-
1 

pbt. trca a sillt&rJ' 8tanapoin\. ~ Tbest to.ts were pertorr.ocl vitb d.Jt 

aropa ad b,,~s 4etomtea on to-.1ers at such bo!Jhu that. the t!re'ball 

cll.4 not reacll t» nrtace ot the earth. The ~st Jie14 dr 1ars\ 

prior to 0plrat1on riED.lI~ ns tbs IiI DNCi s..\o\ vh!ch vaa a.tamte4 a\ 

an al t1 tu ".e ot 11 500 feet m 1.6 lovemer 1952 • over the ocesn ~ ot 

nom at tni'iletok Atoll. !M yial.4 \ma awradll.1telf .-llii ~ 
"f61:7 r~h »3asarom:Ila on Wanda 1D Eniwetok Atoll blloded thst tbl 

t'lllout activities vere eo n~ll th~t at ~s u earl.r ee 6 bom-1 ~ \ 
€'//"!~Rt ~~ eo ... tJ i.e.. 

IIOO shot, the __pbserve4 ~!s!\in at .:t.l is'!.anas e:c:cept nomB \Mft° 

aJ1f1b~~~ ~ , 
eoc.slswn\ ni~ the 1S a.v o~ talJ.crJt tro:z: !!n3 ~'lo;. On Im11E, v1~/J.. ...t u t 1../..>. \ 

~ r- ~ ._.,~~ ... .,~ Al:! ta.. ('B. ~ o._1dct 2 -iY' ~ t'Vf ~ r~ . · : 
in 41 000 feet ot tho~]:>~~·/!~... ,,;,:! fj,_o~/f\~}_,~,T 1 

, . ...,.. t· I 

cent ot the aet1Yi:t.T p:· .. ofue~ at ~,oJO te:et. b'-ou ~ r.ero at er.m-

ps-rable titts arter ea~ sb'lt. It was eeret'are oonelnled that th-2re 

1a little ext.emu radi~tlo!l haz:u-d rro:n ta.tl.tnt dno to 8D dr hl.rst a\ 

a se:iled ~lght aa hi.~ e.s t.Mt ot KID} shot. BEST AVAILABLE COPY 
l~.....l.11·.:;@:-Jliftl ot £cnjr~~!cn. Previous veapona tests ~w can

dstent17 sbel:n ~t d.r bu!-sts, \d:other aJz drop or touer shot.a, pro

duce little ttllDut ccmteslnatlan as ~u-ed to the aene Jie14 tan! 

surtaoe burst. The o:mclus!.m trom 8".ich data 1a th\t the ~ t1rsim 

products do ~t ban sn o-~porbmity to condense o!lto the groua4 parti-

~te l'~ttar picked~ b1' the elo'-J.d. Eor.ie-re-r, obaernticm ot e.1r C 

barsts or kiloton "-'D'lpons M.w shown that a thin steia conslnhig ~ }\\\lJNO ~ .. 
groun4 iruterial h 8U~9d ~into the ~~~ ot the rislll: nrebtll. 

The:re are t;.'O possible cxplen1tlons u to vhJ' the radlo.~ct.lw mterial 

r •· ~ - . ' ' . /#- • ~ I .......... ' • 
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c!oe:a act, deposit on thia mterial1 (l) b7 the t1m the ground mtertal· 

a.7ive1, 'thl ttreball Dli7 haw oo0led wrtlclent.17 eo that the t1ss!aa 

product. haw sol1dit1e4 &Dd £re no ~r &T:llt.bla tar deposition cm 

~~b~ attar. (2) The internal mot1cm or the r!roblll flq be such that 

the grouM cte:rili 1'..nd the f!ssion products do not com !n conUct. 

JJr enqJle1 tt. obsorred toroi&l totlm Jd:;ht can:iiat of the bo:i> pro

t'.fucta in a ~'ll'Tov intern!l. riD:: vith the ~ :mterbl f1ovlru oTBr 

the ~.irrace. 

It e1th£r ct tbese reASa?!s expu~a the lack of' eottf,ardn;.tton tor 

prevlOll.'317 obcerved ~lr bursts, th3re 1s JlO euar5.nt.ea ~t the7 vill 

tleo k>l.4 for :mlt.ll'lega.ton tursts. Thi ri.~ball ~ bo\ rar a loilG8I' 

pr.;r1.C'd ot tinl Q'3. the int~r..lal motion ccrJ.ld di:te:' in cbei·acter 'Le~Jl 

"-i.t!el,y ~.itterent ,.-lelds. Tlnre!'or91 1n ~ev ot th'l great t:~C'tical in.

port~e~ or e. lw dr burst in or!'~siw dllt£4-y operatia.s, the d.oCu-

reig'ht slightly r:re!.ter th!ill the fireball radius was essenti~.1 • 

..L.~ Obh:;ti~Q. T!:a b:-~d objective vu sil1;>q to estP..bllsh 

'\°hether ar not there \!U radio~lve tel.lout of mllita?J" signir1cezice 

1.'rol: a J%eg~ton ~pon detcn~tod ct tdn1r..nl air btir st co:Jdi t1ons over a 

l:iiri surf'~ea. This obJeeti v:; CC'".lld be ae~llGhzd. b7 s~lj docurent

ing t~ tslb.it co~letel7 ill accordance vi th t.~ det.a.11.ed obje ctivea 

BEST AVAILABLE COPY 
SAN BRUNO FRC 

lt3,1 Definition. 1 water S!U"taoe bttrst ls deflned as O!lB explode« 

at the surface o£ \l'?.ter or e.t • he1.ght above the surracs les21 than tl:e 

fireball rdius. 

r-1 r- p,. ! ; ·:." ' ; ~ I 
!....= \. ! J ' - ... ··: 



.-.. 
J,l,2 f'14 P.olo gni ?·I] 11:.ttz S"tlt\crar.et pt ?~_;e Gwt,a. Tm tirlnl 

t4 a mclear veapo:l mt:ntea c:i a bs.r~e !a tntlT a W.ter surt&ee shot be

C!:O.Se it !a de~t.c4 \ii !Mn a tev feet trca tm Sil.rt~. Thi 1lse °lJ 
bu-~es 1n fil'!ng n:lclc.::.r ves.po::a -.~a 1ntroc?:i034 e.t Oy.:r&t10Zl CA.STt!Jdiore 

........ 

~ 

~ data on tbe39 shots. Tbe use ot th!• tecbnlq"t» ha.a been ado¥te' 

prlr.ciplll.7 tor C?C-r~tlonel raasoDS; f1!t~~. t.00 s!lot e1ta ~ be pre

pc.r~ 6c1SllJ ror the ne:d, event ~ the device 1a nrr portable in ca.ae 
~'-7 

ot &. ch~.:lb• !n plu..a. As tar aa tl• f all<,11t pro~= :.s conoerned, the 

bart.~ ehot ta/ a <l!.rect, sl~Cii-D:e lJl t~ at ~ effects ot a. d.eq 
. ~ .1-1~,f- Iii""' 

he.rbor ~:irat and ~give mtorL~ticu ~plica:>le to,the s-.zrtace or tb8 

cpan oe~m. In ad'litiOTJ1 t~e basic dlz:ualca or th9 clo-il &·J\llo~nt. 

sha·d4 not be l!OO.iril)d too mob b7 the presenoa ot 'c·ater am it e'c'a be 

er".t"!Ct~ tb~t a ~-e co~lete mrlorrl.:nding of tbe !'al.lent rro:& a ba:~~~a 

shot, coupled wi. th ~'l.rticle l~on:i1tlcm i':c~ a r~·J 1:.nd S-J:""f=.:>) b.ir.'.>ts, 

BEST AVAILABLE COPY 
}.l..,l 1'f ;:~-~~2-tW Qwr;t~~ ,PAST~. ~ !!rst ahdt at C!Sl'IE ba4 

a yield ~ch ~at.er 'th~ ex;>ccted. and this re=ttlted 1!1 a~ cur

Uiil!r~nt or t.h9 ta.ll!nt pro:r2 0?1 tbla operation. ' ]<>~ ir~r or 
e~rb-:nt.U f'a..ilures end e~ipr;.n:it lossec resnl ~~ from blast ard •t!'tor 

v~vc aetlc:a• dehya 1n shot scboQiles, end. opcre.tion.U dlfticnltiea 

aseoc1~ted with Ula S.':'.mpling ot ttlllout over e:ctended ocean areas. ·s~ BRUNO FRC 

~\.iuentl.7, fallout doctmant.at1an or the barge shots vas quite limited. 

!a.tever, a C01Uiderable ~t. or de.ta vas obtained b-o• enU7sia ot the 

. I• !t 
~'" ~ . 
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TABLE 1.2 Surr.mm!7 ~ PreTi.rutt \Inter Surto.oe Shots 

I T L~ Shot ! Yi111d . . Date and Location ! Rtmnrka I l!otanacea I 
~ l 

I I CASTm non:o ' 27 Mf1!t 5~ Bargo in CASTm C ood arnsmdnd fallout 20 thra 27 l {Shot 2) nnAVO aratnr on crwu.m dl\t'l bnt llmitod 1n the 
t Iioet, B 1ldn1 Atoll. doumdnd dirooticn. 
J 

t 

' t I C.A.STJ.& UJIIOB ;!6 Apr 51... D~ 1n I"t'.llont doo.mtmtlt.t1on 20 tbN 27 
(Shot 4) D!kin1 ~. fr~ta'rT. Lim:ltro 

§ 
UIJ'd.nd snd arosowin4 
d•t•. 

a -
1 CASTLI YARKD 5 May 54. Bcrfre 1n W 'lter ~!Ml'3' "'1d asmpling 2) tbr\171 
· (Shot 5) ~ B1ldnl I.egoan. tochni~mt! uaed. Do 

Dik.i.ni Atoll tallaut in-
! n tx'UIZlmtation c!lJ8 to l.ou 
I f\Dd dtmlge. 

CASTLE NECTAR l ' ' 14 Mq S4. Drtrf?e 1n IVI } r:xter.n1w 1natrtumm~,tJ.on 20 tbnt 27 
(Shot 6) i Mii! arater en i'LCRA 1 . in Lagocm end northQrll 

I I 
Eniwetok Atoll. n~ll ieluda. Limited 

f'allDat data. Ocnaral.q 
low leftla or aot1'Yit7 

I i ! noept; tw Nlll>lu mar 

l f 
ground fl8l'O. 

l 

~· 
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of the coatlll'h~tlcm vu !n tbe for& ot am lt!lroaol aD4 hc!lce c!ittr.el 

trm the tallout tro11 a lmd enrt4ee latrst. 

1.,.4 Obk~tvu. Jge.!n, t~ cbJecu .... or the Fallout Prcera vas 

tbe OOlil>late dccc.1:1£~:.t1an at tdloct trtm the ~ shots. Thia vu 

done bJ ir.plelll:int~ tl>e ~ c!ctd.le4 obJ~ct!ves u those tor the lanl 

sur fr.ce burst. The blt.ent w a to la!l"ll jut ~" the tall.oat. varlea vitb 

the Mrrerent pel.d 'be.rf;9 ehots and sp3d.t!C4t-1ly !lav it dittercd ti'Oll 

tbe 1~ sartace b.trat .md eir Wrst f11llout.. 

1.4 OTKE1l T!1'£S O? mJ?Sl'S BEST AVAILABLE COPY 
From t.he st.r:ndpoint ot lw-ee.pcns ef'tects, a.m in accoramoe vith d~n.

tlit1o::s 11m1t!oned earlfor, th~ •jlllosicm ot a etcmlc wc_t>0t1 at tm top 

or a to\.~r ~ bo ettber 01 dr burst er a sorta.ce blrst depetxling on 

vhether er not tle tireb:tll coites ~ contact. vith the surteee, el.tbO"JGh 

the air h4rst ebu~ueristi~ ~ be ellehtlT JXX!ified br the pre~ce 

ot the to~•cr. Bo·i1eTer, tbe FaUout Preu"?"s d!d not ~n\ CODPleteq 

~ tover sbota in ()psration ~-m1m. The~ other tn:-es of a'hats 

tbe.t h~vo T!ot lx'c:i considered thu.45 ter !it thls report are th9 unde:vater 

1.nd und.~ hlrsts. (\pcratian ~':<:1lm die! not include r.rrr ehota ot 

those t)"pN end tb'!refore no at~ ha• been mde to d!acuss tbe1r 

tallout pbeno?X!nolo-.zy. 

SAN BRUNO FRC 

Operation REDli'lifJ provided the ti:r st o;>portun.l t7 !er testi~ vs~pons 

h~~~ h 

this report t.he tractionu ncll.ological. Jield 18 det1ned ~ the ratio ct 



J._ 

tbe tis=icn 71~1! to t'ho toi!\l Tl"ld.- It ta to be e;~;ect.."d that tba 

ettect ot this extra psramter, the trcct!.cnal. raM.cl<>&!.oel J1.el41 cm 
ob 

the talloct vonta be a.a follow 1 .no loc:t.tton ot the contourl e.a ·all 

u th• vc~bt or no~-radloP-.ottve m terial &tpo:dted eboa14 be a ~ct1cm 

ot the total peld, but ti. ear11 do~e ::.-ate cr,oc!att'4 vit'h o!!Ch cont.oar 

ahalld be acll.e4 propartiona.U, to th3 trccticn.-tl r~diolo~cU pol4. 

Tbe aoo~ of t~sion probe~ r.·:.tonJ~l i~;>osit..id ls obvious!; scaled 'bT 

t.M t.ractio:nl rc.11.olo;icnl Jiel~. In c(}noru, tbe definition ot tbs 

tractio~ r.t\diolt\~1~.l yie14 cui oo e~n-lei to d!lscrlbo !1,.:!nec! atr'"~T

!t7 1n lxm~ r-&terlr.1s or •s~1tiu! ~i:-nt~.· In t!le ~....sG ot •s!ll,ted• 

veapc.n31 C-~ia c:u~-.r..tity" c.<nld th1n oo gre~ter t..'i-1.n u.d:ly aboe e..-tr& 

activity taJ~:t be adi.~-d d.tl"1oat C(,n'rib-.rt.~_nc to the t'Yt.!"+::1-eld a! tbe 

ver~pcn. BEST' .11 ~~ 
6'1 \I Al LA I'.\\~ 

i. 6 m~ ,'J!I OJll f'!~ ~H m-- c~;~C1Ivr:3 

ICJL.£ Copy 

the over all obje ctl ve or tt:e Fe llout Proc;ra:n ves to & OOllEJUt ~ 

plet.Gl.T too tru.l.out f'ro:r: the &hots ct ~terest. Co':i>lete collection 

of d!.tto. on tha um:orous p~~r• v£.S necessii?"T t.o irprowe ecel'na 

~ ... to betkr u:ndor.rt~ the n!<fl.FI .. isn or f'ellcr.:t, £ld ~ce ~OW 

pre~nt talloat JX d.els. 

!'er the hlzh yield ~tn!r.r.J. m burst. Cl!!.R~ m p!!rl.1 C'-llc-:, t~ 

objective \ia3 to dete~~ if there vu c.rrr raU.e~t ot dlltarT signif1-

c~. 
sAN BRUNO FRC 

5v.-vf c1 C _1.,; 

Int.be ~ ot the -wakr ohots 1t \.'~9 e~aee'-,,,ed t.c ~st~bllE-h in detail 

sartace birsta. 

, . - .. ~' ' ; . ~ -. -.... 
\.... :.·.-' 



SAN BRUNO FRC 

,-

l ' .. · 



\ 

\ -
• 

. Base:! on t.he detailed o'bjectivea u.Jtllned in the pre-dou:.:el"?:• 
, ~ 

the instrumentat}?" __ tor tl-i.e tallout program'-~ desicned to ~ the 
.. ~, __ f ___ . ~ 

fo'll0\1.1.lig ~-r '-v ----

BEST AVAILABLE COPY 
In eo:wt instances, more tlv""...:.n cne e.ger-1q M:i e·~vnent ths.t pertor:rcl 

the t:rJ:'\8 ft.Teti~, '!.~. tl'~ tirnl) inere~tal collection o! f2.llout ~tcrial. 

ln such C!.ses the deta.iltS:i fe~tures Of the equ1r~nt \:ere di!ferent SinC9 

t11e e~uiprr.€?1t was :~ esigned t.nd built by different agencies. r:o att~t b3.a 

~n rade in this report to give a detaile~ dcscrlpticn ot the indirldual 

pieces ot equ.ip:1-ent. For further intor~tion tt-e reader is reterred to 

the ~dirld\Ull project. reporls. lnsteai, inst~ati~n vill be die-

ciJ:;:;ed a.s general type-a and according to its function. 

2.2.l Collection of ~llout l~terial. 

2.2.l,l Total Co11eetors. Tot.al or gross collectors were usld to 

collect the rnllot.-t ~terial throughout the duration or fallout. One 

tot:\1 collect.or usoo b;r Froject 2.65 d, ite di~t collector station 
·sAN BRUNO FRC 

\:as ~J:p~ a ':ooder~ t~j tour reet by tour feet by lS inches deep. .l 

(\ .~ .... '·::; ': ~· 
\.,. " ~ .· ,. . .. .... -

A 

. ------------~---~--



. 
irloh~• deer. l Tr".rist!on or thia lat,ter type utillz?d the same t~ 

vn.1 dnigned t.o open e.ld clo$e before ard att,er fallout, respectlve]T. 
I . 

Thia COYErirt;t \:.U frorlded to pre!erve tbe ~lea nrd prnent &Jl1" 
.:11 

~it!.c~tion b7 enrlron~um~l cordi ticna betcre and attt'J' collection. 

A thtrd type of gross colleetor used b7 rroject 2.65 was cdcal vitb 

an open!ng n.t, the top t"!O teE>t !ls diaoet.cr £td narro;d.r.g to a circla 

t.OOut. 5 inches in die.Deter e.t the botto:! 1:-here t.here 11o~• a atainless 

etettl tilt.a. t3elov the tilter there wsa a e::all l-·ose leading to a 

polyethy!eno bottle. Tbo cover ot the collector v:a designed to o;>en 

A aicll~r t,.-pe ot t.otr>l collector Utlcd cy f'rojeat 2.63 c~nrlsted ot a 

the ~t.h of the .fucnel. l fir.al type ot a total collector \!$el bJ' thi• 

pro~~t. ~iated of filter piper through which fallout air 'k"a.S sucked 

BEST AVAILABLE COPY 

type collectors used vere loc~ted at the Project 2.65 ~~ at.ations a.Di 

-
hicJt. Fittwg 1.rrto t1'.is tub \tJa.8 a circul:-•r disc \r"it.h 22 t.r:tar.gclnr . O 

SAN r.RUNO FBJ . 
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,-

sa:cplinc tra,.a, eaeh 3 3/e inches b7 10 inches by 3/1. inch deep. ET 

mcalla ot a drlrl.ng am thdlig n:.ecMnlra, one tra7 at, a th:ie ¥18 a;>0se4 

to the open air through a hole, the a!.ze of the aampllng t.ra,- at.be top 

~~. 1 door covere! the aa-.pllng hole betore the initial aa! afier 
~ 

t,ho tina.1 ~llng. ln extern:i.1 tidng s1gr.al. started t.he reohan! a 

' ~ -

posure durc:ticms ot 1 mimite, 5 td.nutes, end 30 dnutes were uss! tor 

various collectors. The Project 2.63 tJPe ot incr~ta.1 collector used !).J~ 

essentie.117 a ra.irhll SL'"'tpler in whl.ch the colleeting t.raJ"S bad boa 

t:.oditit.d. These trar-s expos~ sensitive collecting eurtaces e~ 3 

inches in d11!meter suceesslvel;v for equal time inc~ents. The trara 

i:~re placed 1n the eX""'r¢sure position by' ~• ot a pair ot int.P.r-

connected vert1csl eleVD.tora. F.acb tra7 '\.~S e.~se:i at the top ot the 

~s~ending elevator t.nd after e"Xposure was pushoo horizontal~ acrosa 

to tr.a deseen11r.g one. For lard surtnee ebots, a grease CO:ited cellu-

lose acetate disc '"3S tlsed 2.S a colleetion aur!aee a.'1d tor \".ateia 11;..'m.s, 

~}1'1~ 

t.he si~ ~ta.co ~ interspersed Ylth discs of chloride sensitive 

BEST AVAILABLE COPY 

An ex;-.-erlmental high TOlu.1:le tilt-'~ unit vaa also usE.d 'b7' Project. S~~ JlllUNO FRC 

2. ~-3. This device was, in etteet 1 an incrc:rental air ~ler. It ll!aS 

desi&ntd to obtain gros~ aerosol S3.mples in aignifieant quantitiea under 

c::-nditior.s ot low cor:.cent.ration. It consistoo of a sine;le bl.over and 8 

tilter he.--ds oriented ~rd enclo:r....ng 3 inch dUneter tilter packs that 

were chaneed 6.t specitie:i tL., interr~. 

C. -.. ' c •. '1 
" "' ~ .• ' ....... ~ -

~\ 



Project, 2.65 usf.d a tape t&llo-'2t r.onitor which ~• an int.cr.:itt.en\ 

t.ype of collector er:ploy'...Jl& adbeaiTa tape for the ~-..-,11.ng surte.ce 'kidc!a 

was expose! tor period• of one mlrntt• tor the first ~ and per1cds of 

one hour tor t~• next 4 7 how-a. The instrwrer.t. 1-;&d a secom reel of 
1 

Sa.rE..mcrap plaetic upe which covered the exposed collecting t.ape at the 
i . . 

' ord ot its exposure periat. 

2.2.2 P.adistion P.endin~s Ove~ Iand~aces, 
I 

2.2,2.1 Total F..xooeur>neteet.ors. Fila packs• chd.cal dale• au! 

direct reading dosir.sters vere used e.s tot.al exposure deteciors. Soce 

ot these detectors ~ere placed at all 1a.nd. as \tell as fioatine stations. 

Y.:ost ot the proeesdng and dat.a re:!uct1~ v:a pertorcd bl' Project 2.1. 

used b7' Pr::>jeet, 2,2 tor t,be ir~:.si.u-e-~t ot ga:::r~ exposure rates over a 

~e or 1 r/h:r to lrr r/h:r l.i. th a t!r.-e resolL.~ion ot 5 ~utes e.rd o.os 

tlnut.es respeetivel.7 at t..'1ese expo&.:re rates. It consiste! of an un-

s!i.t-uroted ion eha:.Dsr as the se!!s~ derice ant an Esterline Ar.gas pea 

recorder. A see-~d ~strurent sid.lF--r to the one e.bon and desi&ned to 

cp€rat.e over a r:i__nge trio~ 0.2 er/hr to 3600 r/h:r. lri&S used b.r Project 

2.63. rr~je=t 2.6S usecl a probe lowered from. a hellco~ to ~-easure 

&3:;.ra. exposure rates t.t 3 feet. above the ground. The probe c·~ntained a 

SAl~ BRUNO FRC 
1. In this report tho vord • exposuren vill be used to desc~ibe tha 
ra.~iri.tiein as n:-easure:i in roentgens. 

BEST AVAILABLE COPY' 
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.l 

~ anmte! bl t.be hellcopt.•r• The ru-.ee ot thia inst.ru.~ was fN.ia o,t r:sr/br t.o l1't ~fb,. · 

2.2,2,, TiJ!e er ArriT:\l Detect&!• Projeet. 2.63 \!SOO & t.L,_. ot f'-rr1T

a1 detE-ctOJ' CQnelat!ng ot an ionisation cht.~ber V.-~ch t,ri.g;e:-ed an S dq 

chron~~trlo clock when an ~sure rau ot 20 rr:r/hr tor a perl.od of a 

halt t,our ~~ reacr.ed. Snbtr~et~ the eloek readicg 1:t. rvcanrq t~ 

froi:; tl"!e lr"'~ tirie e!nce det.onation Jieldei the time ot &.-rival of the 

BEST AVAILABLE COPY 

lCS needed. The toll~..g ~ry lists these platfon:m, but tbe detail-

ed disauasion ot t~• instrur..cntat.ion E.botird rill be postporud to Section 

a. The G~IJ~IL!R S. HAU. (Yf~39)J <ID.J?.GE F~Sl'l'.A!t (YAG-40)J e.n1 the 

U:;s C?.OOr COtlnT (IST-611) wre positionEd in t.he fallout c.rea prior to 

t,he a?TiT~l rnd serTed s.s CO"" .... pletel.v ~-:ented collector at~ticcs. 
SAN BRUNO FRG 



~. 1'wo hrg• b:lrge•• the m:B-13 L~ m:n-29• and ~hrce pvntoan 

raft.a wen.anchored in Bikini lagoon aa tall.out. collection statioia. 

o. Fourteen t.o ab.teen sldtfa (the mr.-~r ~rie! vith each abot) .. 
"' ~ 

welllOOl'ed in the deep ocean north of Bild:ni Atoll tor tall.out. eolle~ 

t.1 • In 81!dit1on to the e.rr11.7 ot 111-irte iwored in the ocean north of 

Bi Atoll. for z~ aldft vas .deep ~rod in t.he open ocetUI to 

the Sout.h ot the Atoll am tor ro:.l, 3 aH..tts l.-are pl.aced t.o the \':est. 

ot th• Atoll. 

d. Two destro:. er escorts, tbe USS 1mnn (D!:-36S) an! U .. ~s SIIJEB.-

~~ k°I'J;;J'r ~ .;;;:<P--oe~\13~~%e;5Fre.vite~e~z;.n: ~ 
, •. - e~~~-rc; • 

f.Lfl.forr:l'!li a r:ldioloeicnl surT07 ot the,...ocean nreaa..-a.tter- tallea\ ~\ed "CC-SM; 

e. An instru..:~nted lanUng cm.ft, the I.CU-1136, pertorr.ed a £UrYq 

of the Biid.ni L?.goon art.er fallout tr:im e?iots CH~OKEE, zu1rr, FU'irEAD, 

a.-,n J!it~OTA Md ce.:ised. BEST AVAILABLE COPY 
t. P2f aircraft surve~ the ocean ::.rer:.s nrter fallout, had c~sed. 

r.~S'J.ring the exposure rt;.t.e in the air above the ocean. 

check ~.ac~ground radiation before a shot and the ettecta ot &i.fiitM 

"-at.er current.a on the fallout ocetm area. 

. 7;;;,"!.r~ FRC 212.,.2 Surface - . . Reading,. l probe turzdehed bJ- Froject S~~ BRUNO 

2.62 wa• trailed in tbe i.1?.t~ on a cab1e from a be>= extending aom 

25 feet, tram the side of the YAG ts and m: ta url trom the stem of the 

r/v HORIZON. The r~iation sensing elenent ~us a.bout, three teet unier 



packa encaaed !a one-qu!rter !neh 1'.all .teel tubing. Two •ena~.ng head• 

wre designed tar the pz-obe1 one tor detecting low level rodiatlon down 

t.o b"lekgrounr! and the other vith less sensitive tubes to b• user.! a\ 

i 

1eYela &a high as 100 r/hr. The data trou the ~robe vaa recorded aboard 
I, 
\,. 

a c~nt.lnnoua recording ot expo3Ure rate made. 

2. i:J. scintilla.ti on detector Y.~lch l.i"aS used to obtain ~adin.cs of the 

radio~ctivit7 a.a o'bserrc:d loold.r:~ d~m frO!!l approx:L-mteq 2S fed c.b-:mt 

th~ surface Of t~e \:;ate?-. This ir.stnm.~nt 'Utilized a plastic phOSJ:-hOr 

end c~·-verei a range tror:J. 0.01 to lX~ F.r/hr. The current outpt..tt, i-!hich 

v:s proportional to the lo:nritro or the exposure r<lteJ ~.:.s recc-rie:l on 

an :sterl!ne J.r..gus strip cr.crt. recorder. BEST AVAILABLE COPY 

FZV d.rcrert \c:ere 1nstru~~entcd by Proj.;..~t 2.64 lr-1.t.h a plastic 

phosphor detector n.nd t..ssociated reeording eqr.!1~ to t.leasure the 

?ho dn.ta ~~s recorded ill unc:>rrectcd rom on a c~~rt. recorder. It v>....s 

ala~ CO:Tec~ed auto=.atica~ to a cur:ace re~~ a.rd recorded on a SAN BRUNO FRC 

:iar;n~tic tape. The aena!ng ur.it ~s shielde:i l/j !l!t/ffffll!J eff'ect ot 

i!}W};/tlt!J Iii J!;y;~j+/ft!/J11/J1/; iJ& /i/Jt/ittfll'/fJ/e vas 
res.sured and the readings a.ppropriatel7 corrected. · 

·---------- -------~----



2.2.,l,l Intenaj.tr Versus Depth Prori~. The probe dei;cribed 1.n 

S&ct1on 2.2.,.2 va.• al.80 uecl t.o obtrain exp<>SUN rate n depth profiles. 

It contained a pressure sensir..g ekent to record the depth at, lr.hlcb 

ti>• lnstrmrmit operates. The csble vhlch support.ed th~ probe va.a a 

three conductor a.rr:ored cable, so that the aign1.ls tro-:a the radiation 

anc! pressure sensing elements in the probe traveled up through the 

con:luct.~s and \rere recorded on M XT recorder abou.rd al:ip. The e::zu1P-

ment for ra~:ing de~h profiles ws designed tor a tarlmum depth ot 400 

r.etera except, on the 11' HOruzov where it eoW.d att.a.in a tnxi~"! depth 

o t EtOO ~eteJ'"S. 

!'met.ration recorders desi&ned to trigger upcm arriY<'-1 or fallout ci;~<--
surface E..ni to record the C;.m:a exposure £.S a function Of tin! there-

art.er ct 20~ 40, 60, 00 r..ll<! 100 ~eters in depth, lir"ere installed on S0!:-9 

or the deep =oor_ed_.skift~. BEST AVAILABLE COPY 
. ' -

2.2.,.4 1.r.alysi s or \~tcr Sa..;ples. 111 rru.rvey s:lips \:ere equipped 

to tal:e surta.ce "b'Ster sample• using i-ol7ethylene bueketa l.O'r.crai over 

the aide. !n a.dditi01:, the l'/v HJFJZ~:I; "'~ e-;uipp-sd to take safles at 

dept~• with standard 11..!'..na«n bottles. Detailed ana.~ea of t."iese 83Ji1>lea 

lo-ere t),"'at.)~e br Projects 2.62! 2.63. an:1 2.(4. SAN BRUNO FRC 
__ __ l.:t /;:.tr. - I ;.2.J.S" ( f~.s- ~1) ~~110 ~.,... 

2.2.1. f:ad.iati~ !:eadin~s in the T!t..~l.e:ir ~ • Project 2.61 undc.~ 

"m&A..t/-il\t~ 
took to re~:;\:.~ tbc raC.ietion in tht! nucle~ ~ \.:ith preesure ion 

ela-.:bers borne b~. r_;_Ilele s't.a!;e roel~et propel.lei atmspheric soun'iing 

nhicles (ACT>). The c·.q:-osure ~:.te dnt.a t~s teleL?etcred to esser:tia~ 

duplicate reeeivin.:;-reccrding stations on the USS nnDSJN (t~FD-101.) ant 

;-~ I'. -' l : ~ _' • ~ '.·· .._ •. .-



• .. 

(Insert 11) 

2,213,5 ErJ.lg_1tJ>ec,y teni:1. In order to doto!'?l1...._ the 9"6~ deoq 

ot the tall.out mtcrlal. 1n the 003t?D vater as m!l!J'..i.rod 'b7 tho surve7 probe, 

a c!ccq tank 6 teat in d.lm:cter and 6 teet deep ve.a pl.aced on the deck ot . 
tho IliG 39. Tho tenk vas filled \.i.th ocesn vater before too arrival ot tell

out nDd a probe vas pl.a.o:d 1n it. The v...nk then collo ctcd f nllout nnd v
8
s 

ea1tat1'd to ccl.ntain a tmif'orm distribution. Tho probe re~~ gave data 
.Lffe~--(-

on tllB b.rl.ldup ~ d~c.v of the c.cti vii,-. 

A trm 5 teot in dismf,cr end. ; feet doc.;> vas uzed on tbJ ~de ot the 

l~/I Ilcrizon in a siml.ar fashion. H~ ... eevor, in this cesE' 1 the tank ves 

filled vith contacl.n:.tod·oooen veter r.s soon as it vss o~!'ltlble af'tcr the 

U/V Horizon oogcn taking the ocoanozr~hic survcy·, vlrl.ch v~-.·.: artcr the fcl.1-

0'Ut in the ere.a he..d caesed, To prevont the fallout part:cles i'ron settllnJ 

out or edhering to the oidcs cf the t~, t'he Yater vas treated ui th scv1iun 

silic1te e.rd hydrocbloric acid to rorm a gel es soon es possible ef'tor :lt 

ves obt-~d. Tre •gellir:g" -~ not cot;lletel1' S'J.ccossful rux1 the va.ter vas 

Et.lso ni.x9d Inac .. anietll.7. Rced!nv~ t'rcn tM probe !.n this tC?llk then gava 

d!:.ta on the deca7. 

BEST AVAILABLE COPY 

------ --------··------
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!• a ¢ct.UN or an ASP on ita lnunche:-. n11 roe\let is 6 1/2 ini:r.es in 

dieneteia an! 147 1/2 inches lon~. On the a~ots Cll·TI~~, zmrr, and 

t::.yAJO, two u.lvos or e!x rocl-:et1 each nre tirei from the l.a'U?lchera 

ne:~ the center of HCM IshM. 'Lile t1rst. ealYO vas tired ~cing at. 
' ' 

F./.7 m!nut.ea an! tbe aec~ salyo t.-as tir-1 at R,llS Jdnut.es. Four rock-

ets \fere tired in one salw nt H/.7 rlr.utes on shot ~-i. Tho i-oekets 

i.~e firod al<Y'.....g trajeetcries V.11c.11 vo-uld beat give data on t.ho relatin 

setlrlt7 in the clotd em at.s end tr~ distribution ot actirlt7 1n ~ch 

ot previous firings ot tl1e I.Sr l-i-er-e used to c~.lculnte the pos!tion of 

Uce roctets in the clOt..'d !.B a f\41ctivn or tir::.-e tor t~.e pre1eter-clned 

ele%tion n.nd C.zi'nlth or t~1e letmchcr. BEST AVAILABLE COPY 
In ::ddition, Pnjcct 2.U, nnnncrl aircraft \."C:'e flown into the ra.11.o

aetivc cleu1 as ~rlj as H/15 r:Ur..utes en cert.tln aJ:ots and obtained 

furtbcr data on the dictribl..'tion O! ~C~~irity in the clou:l. 

£oc.oS: ;~ 9M" 
2.3.1 1ald Stations. Tbe~ etaticna at EUini Atoll 8.!'"e s~ 

in Fisure 2.3. All inat.rlzoent.ed ialaOOa bad both inc~~tal am groas 

collectors. Figlr.e 2.i. 1• a picture or a rep.~senktive Project 2.65 

land. stat.ion. I'Nll. thMs to five da.~ b-~tore ~ch shot. ~ .. re re~ 

sa-ples ~e the stations vere recovered a.rter e:.ch s!1ot e.s SXJD as 
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United ~tes. 

~.:3.2 !~ooN(! :;tntii:11s (rn;n ~es, r..rJ.t'ts~ eni Ski!ia; Gee FigtL.-es 

2.3 8.."d 2.S f!R' loc:.tions). Two mm ~~gc3 \i-ere :mchorfd in BU1n1 

~ b(>:JD at positi~s V\ich Taried d.tb shot locpjot!on. 'l'he3f> barges \:ere 

fallout ~t.erial 6-rd recoriir.g rr~in.tion ~dings in both increr.cital 

tirid tot.:J.l !om. In edd.ition other projects placed e·:;ui;~nt aboarj !or 

cor;ekt.~.on. BEST AVAILABLE COPY 
B2-29 hru1 one ir.~run-l'?nt tO".f~r at each cm ot the barge. The 

t~·:crs verc separated. b;: a distance of 250 feet v.-,ieh ,,~s c-x side~~ 

tr1 ~ far e~ouch apart, to indiente th.:~ extent Of Vcrfation Of tn9 f"\11-

out "'~thin a s::all r11?.3ion. ':'hr~ pontoon rilis (en.ch 15 feet b7 16 

Jnstr"tr~nt!,!tion for th~ of fallout arrival, total eollccti~ or tall-

out r.'.:::terl~l~ ~.nd tot~l exposure r~~dir:.g l::el"e placed. en these rafts. 

tion as '"~s plaee:J on the rafte, H01-:2ver, in n.:11.iti('fl;penetrE~tion 

recordera •·ere pv.ee'i en s·:mc 611.ft instnl.lr.tions. Figure 2.6 sh01:.'W 

the dcuil or a ski.ft , .. ::tion. B:-ginning two to tl:.ree days arter a 

a1':et the USS SIOU'k ~s used to reccv61" the atirrs, eollect the aai:;plea 

IB.0 e.nd d:lta., a.u! re-!.rc the sl<irt tor the next s~ot. ·SAN l}_l\UNO · -

D,-. ., •. "", 
" - ·; "-:.If 1 

.. TA 
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,-ere designed ao th07 could be i.-aneUTered into kq positiona 1n the 

tr..lloo;It area tor 1-ach 1lhot. They we!'e directed to such positions br 

·~i~~latloni °baSed on >cnawn • nnd prM\cted w'...nd 43.ta. 'l'hoS9 Tetse'h .J:;~f~-" .. ~) 
1.~ 

eq-iin.lent
1
to land eolleetian stations en! "~re neceasar.r bec:!u:;e ot 

the Vf'ey licl.ted 1:-m a.~s at the Pnl. These a:...,ira ~:ere ~n~ end 

vhen fallout arrived, the s--all crew 't1e!'!t to a shielded ~ in each 

ship am controlled t··.e ship from there. The fallout instru:::.en~tion 

\."!!s designed to be or.err~t..ed fro:J this coitrol ~ E.nd 01ch ot the 

d~t.a '\-..~& record&:! there. Fi.g-1.•rc 2. 7 shows the details or the iri.st.~ 

tation on the YA-j•s. A s:U.eldod lri.OOrt.:.tcey \~s in~~llcrl on YVi-40 to 

ra. terial. BEST AVAILABLE COPY 

sc!ntillitor dztectors ne:., at. e.ltitwes !r;;r:.. 200 feet to 400 reet over 

the water r~reias S...'Xi?l ~.rte:- fell.out 't1Ls cc::.plcte. On e::ot day 1 e.ircrart 

~eyed the ~ ::·c:r.s near Bik1.ni Atoll after the tall<r~~ 'Y.ts dcnm in these 

r~rtr:er out ?.s ~ llout e~sed. Prior to s~ots l~AVAJO and T!::::A, a P2V 

aerial survey "t.~s ., z1e or t.l:e area. to the \test ot Bikini to cheek the 

area. or radi~etive e!flu~ from the ni.ldni 1.agocm. 
SA.I.~ BRUNO FRC 

i .. •. \ •. :s 
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ual.nr a probe at~ched to a c:.ble end 1~ the probe troa a bell

copt.sr to th9 gron.."!4. Figure 2.S show sore or the details ot hov these 

meamtreJSenta vare a.de. Tl-• helioop~"'l" ho'ft?red over t'M island a\ 

altitud~a tram 500 to 1,000 teet Md t.bare!ore this teclmlq"lle pend.tted 

wry earq D!!.Stlremnts to be Jlade vithOttt exoe3dve rz.di&ti.on dosage 

to personnel. 

2,J.S Twp D~•s, Y./f Rf.!'t!ZON1 ripd TDJ-llj6. llhila the IAG1 a md LS! 

vere located at kq positions in ti~ r~ ps.ttern at the t.iJm ot tall

m.~, the tw M•s, ?!/f HW1IZO!, ani I.CU-1.136 vere not directed into the 

pattern until the fallout ves cor;plet.e. Onee t!le fallO'.lt ha! cea.sa4, 

the tw-o ro•s vere dispatched int.o the e.rea to r2.l:e ~sses e.cross it em 
establish the bc~crfos or the f'nllo:it pattern as ~~u f..8 to ~ka a da--

0~ -l. ""e---.-,. 0 ~ V-~ I .,>. ('\ . J ·' ~ '·· - ~ - . , _ ~ - . 

tailed S'.lr'VC7 ct t~ p.!.ttern vithin these bcn.L--rl~ies/\ The Y/i RORIZON 

vs.a a sl0'-.10r vessel and na.de a. sor,.e;;h~t IX>re detdled oceen~e.phic c:.:r-

ve7 in th9 fallout are,. &nd thus cocyle~ntoo the JtOTe repid s<J.rVeys or 

the Wo DE•s. The U:lJ-1136 mde OC9!1..nozraphl.c fype S':.trV318 ot Elldni t.~.goon 

wile the oths'l9 three vessels covered the Tt;.st e.re!!S er the ttlloat in 

the oet=cn ttf'ter the riw shots ot int-l'?'<'-1st to the taller.It program. ill 

ot the t:rorV67 vas=el:1 mde mxr~ce 6ll.3. depth protile m~nts ot 

tha 2.etiv:lty and coll.acted va.ter semples. J"u.st prior to nvuo, en 

oceano;;rl'.phic BU.l"'W7 w-a rade to deter?I!ne bae3cgroand activitJ' vhieh 

dght 1:a:ik the lov levels enticlpated fro!B this shot. 

BEST AVAILABLE COPY 
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pl,,t.s iQ.9 beg-.in on D-1 when tbe first s~J.p ~s directd into the area 

ieal date. and pre1ict.ions vere r~ceiVEd. A c:t1starl revi sicn ot t!te 

fa.11·)ut ar.:·ived. J1.rect eo::::!'.irJ.cc.tions beh.""eon the Pro~ T\:o Control 

Ceder ~.rrl tbe pro~ect s!-.ips pt:;rdtted the des~ clcse control on the 

BEST AVAlt~.A.BtE COPY 

Ei~'"'li I.toll on a::ot d~y. Fro~ the Contr·'.:'l Center they were given 

instnlctions re.~arding their ruGht paths over the area, as hr aa 

possible avoidirc; re.;cns where tr..1-;_out r1r.;r.t etill be comir~ de%m. 

~. E~..-1~ ... ..... '-' 



Ey re:Z.fing to ti.a &~~pa succes~v~ cou;·ses e.rd points to which to 

Control Center. A sidlLB\¥§'f s nain~in~ fer the flights :rnde by 

the P2V aircraft. AVAILABLE COPY 

rec:>r-:Erl ~ duta books b;r the Y?.r~.ow; projects end ll.lso pl.aero on a 

ard a.ir:r;:.ft, ~..di.·.t:.on re~~s on tl:e iskn!s in Dikir~ Atoll l~re 

F..2.'1.3r:!e organ!zat:lon. These data vere nlso recordEd on tb~ l'aster 

Op-:r:tions Plot. 

T..'1e Control Cent.er c.6ntinued ir: operation tor as long as ti ve or 

5L"C daya ll!t.er r.n event llf-lile the sm'7cy ships lit-ere cor:plct-ing their 

detailei oceanographic Sl.U'"Vey Of the t~llout area. 

tul]J- correlt.~tel bet.":·;een t'he nriot:s projects. Project 2.65, ll-J.cn h:ld 

f3llcr'1t collection t:.zxi rrMation readir~ inst~tion at lr.m stn-

- .••. 1 :'. ·- · ... 
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J.1.J ,J. IntrodPet1PJ. The Zuni Shot vu firec! at. the eurtace ot 

S 1 te Ta.re m1 2e ~ 1956, at ()55{'11, The yield ot tho weapon vaa reuurec! 

to be approrl->r.etel,. ~f vh1oh' - - ~~- - -- ---· - -- • -It hu th'lnto~ been ui;wec! that all~~i~t~~adi'IP pre-_ 

.. -aftlrt&d tor tal~t frca thia &rdca ahoalc! ~ 4""-t l4!t~~ 
'S.~ oELETEll \>~ 

\)~ · ~~<1 ,._ ~,,_;,.;,, ,(,,,,, .,,_ ttt 1-,., ,,--y1 • ., e- I ,.,..,.;;, - ~,_...,___ ~ 1 ·-·· ~r- ........ ,"""' 
- --nie eanromnent of tbe ~unl vaapo11 18 Uluat:rat.84 lD 11gare ).1 on 

which is also dra:JD the outline ot the cra.ter romed b7 t.ba detonation. 
tA-. 

Cl earl7 e 1-irge fraction ot ~e era ter waa 1n land &rd re~, al t.ho-Jgb. a 
{>../ 

pl.rt ot it extend~ into the de~ lagoon wat..3r, Zani vu ().")ns!dered as 

a land aurtace ~hot, althoufh tha p~oxh!q of t~ c!aep l.Ag\l012 introduced 

ninor mocUric.J.tio:!s which ie.;r make it ainllar to a ahallcr.r hl.rh.>r ~st. 

].1.1.2 Dis.Yibution of Aetiyitr 1n the St!tbiH.Zed Clm!.\. Mls.sure

mente ot the ra.dution fiald at Tarioua po31t10ll3 1D the unclear cloud 

ware made at !/!! ?limitea am HA.5 trll:r.rtea b7 Cle hoject 2.61 rocltats. 

The e.xpor;ure :-a~ data as recorded on magnetio tape haw be.l!l subject.ea 

to prelunnar7 an~is. fba prelfui:ls.r7 rad~~ioa or thia data to in-

formatiol'l COl!Ce~ing the diatrlbutian of active •terial 1Jl the cl.oa1 

is subject to tbe tolloring lhdtaticm:n 
SAN BRUNO FRC 

a. 
(a) The road-out. circnit is not as elaborate and free ~ oo~ae 

1nterrereno9 as t.hst. to be uged in the tinal analysis. 
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(b) The idontiticatl'!>?l or a particular rocket track vith a berm ex

posure nte verSUI time recorc1 la quite ~rtaln tar ao:na traces, but DO\ 

1D the caee or other11. Jbwvar, the mift conclusiona to be draw fraa 

the aats. vill probabl.7 b9 ins9neitiw to tbe exact tdentitica.tion ot all 

tba traoe1. 

(o) Tha rocket tra.jectorie1 are bued on the data avaSl •hle h the 

field e.na IJl1' be iDprovct! 1'7 suooequent anliyrl• ot aata rraa test tir-

ings. 

(d) 'l'ha cali'bratio11 of tbe ion chmber d<r..ectors at Jd€h exposure 

ratls 1a not. linear 8.lld suoh rea-i,~ea nay h~rve to be altered usinE ootter 
BEST AV 

ctlilire.tton eurves. A.ILABLE COPY 
(e) Th9:re is so:io U003rtaint7 in tba zero the on a nw.bar o! rewords 

as rel.r'.ltod to tho l!lUDOb ti~ Of tho rool·.eto. 

_ _,--- It ia ded.rablo to prevent tte &i.t.a !n &uab a torn th.9.t it <!et\on-

strates tha concontr&.t!on o! somco activity' at rar!ous positions in tldt 

clom. The axpocure ~~te rend!~ e.t a pru-tico.lar location actuall.7 

represent ea C-'1t:t'll!.ti~ effect ot me:ay &Ol:rces e1&tribu~ ~r a 

volwe vhose daenc!ons c.rc or the oreer or the atte?!"tttticm length fer 

the lens!t:' of tre air c.Dd var~ett tro:: s?:o-~ 400 feet at sea level to 

1,400 teet at ~ e.lti~e or l.0,000 tcct, and to 10,0CX> fG6t at all alti

tude of ao,000 feet. 'fr..e:retor£1 the obccrvet! ~~~Ue rates a.otuall7 

measure avara.gs tittr!.l:r~tior:a or actirl~ o~r ~li:ces having the giTen 

dinensia.'ls. Since t.~se volumes, }Mrt!ouhr~v nee.r the bottoQ of the 
-

claod, represent a. tcall p&9t of ~~ ~tl c!O"~ T01me1 this 111ethod of 

·. 
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11euurement ot the act1rlt7 11 menn1.ngtul. In preaentins tJvt datA, the 

obsernd •2P0Sure rate read~ ~ m11t.ipl.ied 'b7 th9 ratio ot the air 

aensit7 at the data point to the sea lewl c!en11v. The riesn.tt repre88Dtl 

the 8xpo8\lJ'8 rate that wuld MW blen obse"9d h_~ tlWt •Nr~ den111t:r or 
eource1 been present ha air at sea lawl pre~inzr• aftl! ~raturf', an! 

therefore la proportional to the aoti'Yi\7 oonoontration. l cnde oalcu

latlon predicts t.'iat a ~htri~Jti'lll -:if 1 aurie/'i? umer these conditions 

wuld produce en e~~ ~ate ot about 1,200 r/hr. 
/ 

Subject to tbo lird.~t.10?18 d1s0U590d abow6 the reduoed ~mtre rate 

readinca are preaented in J'igurea 3.2 and 3.4 tor tb9 7 em 15 m1Jlut9 

salvos respeotlve17. The ~hrOCS!\ outline preoentod 1s a 01-ot1s-eec:tion 

in the plane of tb9 roe-Jc.et trajeetoriec vhieh baa been coDBtructe-d OD 

tha ba.s!a ot the 8!fr~lmPUon that the cl.cud ~ a:ta JK.ve f,'o;i zero tlm 

to rocket. tiring tina unf!ar the influence or the me9.GUred H-bol."T v1Iils. 

Fig'\lres ).) and 3.5 represent vievs a.long the rocbt tra.jectoriea 'Which 

indicate Vhere th9 plane or tbs tr9.j9otarbs llrt~r&e<:W th~ oloud s.nd 

stem. The aseumOO. J1USlrroam dmnsil)n!S are Ulustra.t~ tn the in&~t iD 
1--

Fig-~e ).2 •'hicb reprea&?l'ta a lt.'l.-,hroca ~-U.!turbod by vird 110tion. The 

clou:t vu C0?1Structed \tY ~~~\~ up t..li~ db3n.si~ns of some pbotiozrapia 

of the Dakota clOTJI! - f(ilid~ bJ" rlsua.l obsern.Uons e..M she 

-wersus yield dat-~ trcn previ<nS operations (P.ef'oronos 10). 

e~llsure rate ree.d!.nes h:.w be-en extrepole.ted w W ainutes using a 

t .:! .o e:zpresdo¥' en t'etem~d 117' prerlons e.ircrdt penetrations into 

'!/The m!.Surm?enta performed at Operation REUllUG !nd1Mte u exponent 
of 1.7 to be ~re appropriate. lbwver, 2.0 bas been used 1n this report. 

< . •. • • 
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.· .. 
the 11UShroclts trca eamW~t l.OW9:r Tielt! detonations. These readings haft 

been hol:o!e4 ln Figure 3.,, but J1UBt 'M consiaere4 tentst1w subJeo{ to 

mi~rtaht!es !n the &037 factor• and the aircra.tt. posit.ion relat1w to 
;• 

.£ a·- _,__. -4'1 ~~-I. r~ • • • _ • j.~--- • . . • - -.-~· •• -~ ·;.; ....... . ... \ . 

~l J,1.1.1 Mi~i~,Tall J'lot: (See i~h ix· ii€ure j.~ l#t'.•.~e~~ 
·' t.b; particle tall plot for the vinds J1Sasured at anc! attar ebot tme tor ~ 
~. -

Zuti eTent. TM.• plot represanta the pos1t10!I on the surface at vt1cb a 
\! 

pirticle wul.4 arrin it it originatBd at a &iwn altitude above Sllrl\P 

zero. The plot has been construoted taking into account the the an! 

apace variation ot the ~nd pi.ttern6 but is eubject to th9 follcr.dng ltll-

tationa1 BEST AVAILABLE COPY 
(a) The cont!nuous nrticsl lin~ so"O'.:'ce &oo"fe gro~ sero \s'U &.;JP~ox1-

m~ted 'b7 increments at. 51000 feet levels. 

(b) The v1nd veloeitT at a 51 000 fe~ level vu ~~d to reprosattt 

the average wlooit;y 1%! the 51000 teat interval centered at tl".at 1'3val. 

(c) '1'h9 p~rticles vare astr~d to d?'if't vith the local vim 8.!ld to 

tall u gQ'7&!9nad by gravit1' and a tn>iffi air t!en~i ~1 R.."it t.m:lpera.turo 

nrsus hei.-~t s~.ira. 

(d) Th3 eff'eot o! vertical a1t- ~otio~s nn par+..ic1.e fall rates baa 

ooen neglected. 

(e) The SJY:le& nrietions or the v.1nd profile Yers ~$dtlced ~ CL car&0r7 

emina.tion or the Enivetok and Rollcoerlk winds a:nc! the synoptio cherts 

cations. 

&I 
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. 
Arrt oorralat!on or this plot am tbe actual fallout patten !ruSt tab 

into cOLSideration the large hori~ontal. dbend.cns ot the Wt1&1 ~ ... ~·,. · 

Xace17, a part1anla.r point on the groua! r.q receiw satsrial. not ~ 

tr"-" t!le particu.lar eiss-beigbt numbers a.ssociatcd vitb that point ht\ 

tr0J1 all woh numb~ pa.ire vhich fall within s cl.au! raa!.ua of thi\ po!.nt. 

For rerereno.1, t-1-a estimted cloud and 1t~, ~1179·bra :ir• givan u a 

insert to Figure 3.6. 

Om otbru effect can also influence the fallout pattftrn and is not 

ea1ll7 predictable. The etfect1ve eize or a partiala CM c."l:uleo no it 

tali,;/ This ch:i.nce ia lll!~ e.f"f'eotc:d ns cor.dcLsntiCG or e~atiOJI 
of \.-ater and CG..n NI'.if'eet itself in one en.so ns 11 oonoontrated re.M.oo.o

tiTit region ~~ l~-al nil'!""<'Ut or nater'..al cll!ch \.~ oomnl.17 ~w 

J .. 1.1_._fu_~r~act3riz11tion of r:.119£1~hr!~1. The t'olla.·ing g&!ler

al conclusions 1-~re draw troot the prel itdM17 f3.llcn:t &:&tlysi.s ot 

Project 2.6Ss 

(a) Tw t~e or par'"..icles appea...~~ ~t Sits Era";'O; a •hl:t.9 inegnlar 

coral p:!rtiele ~nd an almost rerl"ect Ephsre, th.a romsr being ao:s\ 

abundant. The coral rarticle co~siat~ er C~C°J "1th ~ CaO an4 

Cl(CII}i, am the spl'-..araa VAN OO!;t.1.y Ca.O ~ V!.(CH)2 with a t'Url'aoe oos.t-

ing or CaCOJ. BEST AVAILABLE COPY 

active particles and onl.T a fffv larea particles is'!l.Tm a s-~aCG d0posi\ 

... ' 

or_ aotive mterial. 'The &"P'araga acti't!!""..t i:.er ferliole ror tbe spb~rea Q 
~o~-. 

vaa roughly' ten tL~e as eree.t u tar the ooral particles. ~ '\)~ 

• is a.a~ to incl~e droplets. 

- -. . . I • • I UV c ;.i_ ~-. • l. ;.I 
.. c. • ... .. 

, i t,1 



4(0) The cost al7m~t rcr-.J.cle 111.a &~~t.h•:-aise at the vvi~JS ata

tions wra u present.ea !:a !oblo ).1. 

5'i--ll~ 
'l'A?IB ?.l pnn,TECT 2.65 P!RTICIE SIZE A.'ID m>J:EJI? fl ta:AJIAI::ra?I. 

Particle Siso J'erccnt ot 
(microns) !otal,Lot1v1t7 

Bra"° :!10-420 
~ i '-·:....fl&. 

12 
420-840 " !40 19 

CMrlie L4-74 16 
21D-l.20 2S 
420-8.lD '-4 

!40 10 

You 1+4-7L 10 
210-420 12 
~ 1.2. ero 15 

UG 40 IJ+-14 12 
7L-105 16 

105-U9 u 
U~-210 36 
21~20 15 

Rote I Only frQ.ctions oontT1b~1ting 10 per cant or mo:• 
ot th3 a~tivit:; ha'H OOell inolnded in thiB table. 

(d) !ha aJ;;ar.:?~t captura to f'iss1o'l ra.t!o as deri'19d b"J t!eaSUrillg 

the 1p2» am Mo 99 actiTl.ties nr1ed int1.rk00!7 !rm e~le to ample. 
239 

The liquid s~les ·n.-a dc.:ick~ b ~ 1v a rector or 10-100 u c.-=-
.-=),_, 

pn.rad vith the solid sa::ple~. The ap;\rent c-~pture to fission ratio Tai-led 

for dif'fersnt p!irlicle a1%e t'.raotionet ret\lt.~l! 0.44 ace 1.~ to~ the Site 

r: :,.· 1 ~:. c '. 1 L• 
'- ~ •· . ; . 



I 
I 

' 

At pr&sent St is Mt pos51bl.e t.~ enlmt.e t.~ ~use ot ~'iGso nrlat1on11. 

The Project 2.63 la.borr.to::o7 aboard the no 40 stuc.!iod acce 1nd1v1c!ual 

particle• am arrived at the rol.lmr'-ng proli!dMry conclus1cau 

(a) The tsllo..rt mt.!?riel. \.':15 vo~ ahd.ler to Uu.t resulting traa the 

Eraw abot at ~ration CASTIE. The mst predanim~ par"wlole tJP88 ware 

aolia, irre~ ct~ e.nd e~ t:pe ot t.{;f,l.ccen.tes. A vary tw 

white sphorlc-U p~icles vere also present. 'fhe m..torial a.p~ared to 

cons!a\ of Ca(OH)2 for the most pa.rt. 

(b) Cb th9 basis or varr prelhi!m...7 ebb, tho agtlanar:s.tes appGa.1'94 

to be more active th!'.lt the cl:unl:s. 

(c) Jbre dat.l.Ued intO!"!UtiO!l vu n:rt a~....! ,~bl.a until the ccnt.il:ental · 

laborator7 antlys9s wre occplete. BEST AVAILABLE COPY 
J.rl,1,5 I&T)~Fnulvllent D!st~ib".!"tio; of F:ill~.lt l'~~;jy. The results 

of the surveyc1 or t~ fallout area. haw b~!;?l rc:p~sento! conven~io~ll.7 
00 

aa the land equivalent e~ure rate res.Cir~£ &t a 3 frft hei£ht at 

Hit h0"8. In othar v"1'ds, the distTibuti~ ot a.oti rl ty is ?iUtl.SU:-OO 'b7 

spech"'1fng the exposure rate th!!t •<mll be o~srvad b7 a d-3tector a~ a 

beicht of 3 feet above a.t1Wir.lita plane upon ~c.'1 ~ aate:r!e.l baa 

fallen &M !"el!!dned in place. This raadi.JJg is extra.polate! 'bJ' a decq 

curve 1'3.ck to !111 hour, even thO"Ug"111 in all lll:elihood1 t.be ftll.aat 

m3.terial had mt arrived at its surface loMt!on a.t tMs ear:q tb:Je. 

In F.J.n7 oase, such e. plot is a representation or ~'18 ~aoe dei:sitT ot 

factor which depends on the ~ ra:- energr spectrum. 

Subject to the Jn9asur6?1ent or accurate ~eea:y enrws tor ~on -



I 

.-.. r'· 

/-1-"-"'-[(;.."1 f fL'",.,_ 0- bl_:,.,:,~ ... --t·'-~c:e-.- -· / .. .:;.:...,,•-.. f1tt.J .. ~5 
~~.-. talloat r.atcrial., a t.-1•0 ralat!.onsh~ has been r.s:r~4 

tcz ~-mre rate re~• troll land surface distriwtion ot fallout. 

Stich • decq Qlrft represents the tiss!on product t,-1.2 aecq plns m 1D-

Cl'e!.Sir4 relati vo contri h.rt.lon trcm T.p2'». It !.a there tore expected to 
t ' ~ i n..a.sonabl.T accurate tor the th-st 4 to 6 dF~ until the Ip rel&tlft 

cotltriwtion agdn ~c.,.-oeases an4 & cre~tor M,ative ~nt beoorca 

eppropr!.&te. 

E~~re rate readir.JS 1n and above o:>nt~"-tod veter are doubl7 

sensit.ive to cku'.g~s 1n tha ~ encra speetnua throu.gh ita in...fluence 

on the eifective &oi:rce ~s wll u on tlie spectral! e.t the ~ device. 
''• 

rar tb.iJI r-ei-.aon t~ decey el:pOnent th~t vas applio-:1 to the vaii...~ readings 

vrus that. uuured 1n the &eq ~.nk a~~ the l!/i I!crizon. ?or tbs Shot 
1.l) 

Zuni fallout this \U:..S oo~sured to be ~. 

Tr.e data for the fallout r!tdiation. plat; in F~ure :. 7 ~ve been SC<:"Jl"OO 

trca. tho following sources• BEST AVAILABLE COPY 
(a) Project 2.6S be1icopter..probe aerial survey-a Th1a oorvey diroctl.7 

:easured the ex.ix>sure 1"'8.te at e. position 3 feet e.bove tbe gra.mi of SOEll 

or U .. e atoll isl.ands. The readings tor ~.icceesi n ~ S"ar'Va7S .. ere 

e::tr,~l~ted to Hfl hour and aver~ 

(b) Pa.CSate surveys• Tbe lladSate eeri8l rea.di.nJs \."ere reduced to J 
( r-

toat re~d1nga usln.g cal.ca.lated be~t conversion coetric1enta (see 

Lppand.ix C} ard Ell tdd.ltiond teeter ot l.5. This re.ct.or hu ooen round I ~o 
~~\) 

noceasarT to ZlO?'tltliza the re~s to those ~vi th the iJl"'Oject 2.6; ;..... ~~ · 
~~ 

sune7. The 2.65 1ns~-1l:ent actuall.7 r.ade &e~.irc.ronts a.t 3 reet and 

bad been vell calibrated berore and arter u5e. The conversion factor 

is prob~bl.7 due to tm geonatrr of tbJ Red.Sate detector 'DD.it in its 

( 
, • f •. ,, 'r '' . \ ' -· .. .... .. . . .. 
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atta.c.'ne12t to the h~l1eopter. Other re~lr~ on iala.nda l.'ere abo a.v:dl-

able froll reoovc17 party •on1t,ora. 

(o) The Projeot 2.6) stU>dvc! ~etq non!tor rea.d!nes on the bottle• 

C?~~~~in_e t!ie to~!ll ~9.llout on tbs pontoon ra.tt, ak!i't 1 Md !Aland et&-
• • • a ..,. :: 'I,. 

. . 
t!.ons wars uaed to dotemine the re!ativo grol.01 road~ at theae lo=-

tions. '1'ba readings wre nom-uised to " ... 'le ire!nlta la.~ cxrosure n.te 

~~ ..... b.f .wsing tOO .. MllSttrE!d 3 f~t')t .e~sure. ra~ ~t Sit.ea 0eor£8; am WflUr11 
.. . .. ..:· . 

, I 

tot;athar with \he bottle 11lOnitor readiilg trO'!A the station there. Thia 

procedure is subject to saae errors em to t.'la posai'ble variation in the 

collection efficiency with positioo in t.'18 fallout ¥aOne. For exal!ple, 

the 1\mnel type collectors a.-e ?l-rG l "hl.7 to rat.a.in larLre particulate 

t.'1an a tine n'3ro~ol an1 Mr.ca ere likelJ" to be more eftic1ent at the 

sbtiona neai·er the shot point. 

(d) The !.\G 39 and YkG 40 atir::e-i:rten1:it:r recorder" on the forward 

deck provH!ed expos:zre x-a.te readin£s vhich approxims.te the la.Dd equin

lent reading, although the7 vare atteotcd 'b7 tha erric!enq of the duck 

8.8 & collecting Slli-fi:J.OO • In genersl.1 ~Sa rec.dints \ri!re foum to 1-

lov co.~ed to r.:~~~sure.~nts i!2 the Oe3ml VJ.tr. ttd monitor rsad.i.Dga ot 

total colle~tor &a.T?ples. BEST AVAILABLE COPY 
--rr.··.- ..... "b\ N.tt~ 

(e) Tha &~ e:-J;.-·'- taken mider conditic~ or a~ard ~-atrT 
or e.e Frojeat 2.63 open-close collector trqa ~J the tottl collector 

trays al.S!O rurnlshe~ relative readings at the fol.lov1ng locat10~81 

Jforth Site Hov, YF!m barr;es, YAO 39, no i.o. am fr.a L..~ 6ll. Thasa <~o ~c 
c:. .. ~ -y,.~\)l-.. 

reS;diDfa vere nor:ntlized us!.ng the resd 1ng or t~ OC'331l vatar at tba iJ~, 

!AG J.0 position. Again these rea.dint;a are subject to error trcn a YB.r7-

1ng fallout collection eftioieD07. 



(t) Th9 Tvo UG'e, the Project 2.f..2 t'!'s, &.nd the !V'I I!.Jri.%-ou prf'orm4 

M&sure:tenta of @xpcsure rate e.s a tunot1oa ot depth ill the w.ter. These 

readings gin a d!J-eet eati.~te of ~ to~ actirlt,' present. 1D a wrt!.

eal c0lum of vater aid hence ot ths equinlezrt hna rate. ~s. ex;>~sure 

rate ~rl!"ll c'epUi pi-ofil.es wre also intonee~ to provile u aver&&• d.epth 

ot Id~ eo tbat th9 ttore mrJ~~us surr~es ri!l~i::ig1 c~ld uso 09 11t9d to 

compute l&Dd equivs.le~t axposn=ie rates. Ji.r.1awr, sUca th9 Zuni shot vu 

detonstec! on hnd,much ot the aetivit7 waa assooiated vith ah~ble sol14 

particle• and only Jn.rt or tbs e.ctivlty re!!9.1Md in tb3 uppar raw hundrd 

meters ac~esible to the p:-oba. Th"is, theSIJ re~dings are subject to 

rslatiwl.1' la.ree ~~ors. BEST AVAILABLE COPY 

vassals and tr.e IA~'s C1ll be reducad to equivalent land radiatiou re~i:iga 

it the efftJctivc C'eptl'1 or mirlnt; or the ra.Cic~tive water is kno-wn. Tb 

praltm.na.ey roch~t;.ion or the ra.diG.t!on ~epth profi:e d3.t.1 1D·iicat9d t1lat. 

~'la depth of penetration va.s about ~ ~tere e_t Hf.l.O hci:3 1 itcraE".Sed 

linearly tD <;O net~rs et P;iJO hore-s, &"'ln re."":.:-1.ned cont;tr.t after 'Lh~a 

tfua. '!'he data froJl the surrace readin!;s were ":..be-:-ef ora reducsd using 

th3S9 ~ep~ Of penetration at all pos! t.ians !n the t6l.lout patt9rDa 

~eclecUng &p3.ee n.riation~ in the d~pth or penetration ca.n iirOdlACe SCDJ 

erTors, part.icularl7 close in, beea.use tb9 h.rgsr ehed particuhta b 

the tallout 'Whl.ch arr!. ves Dearer to tbs ehot pou.t is ll1:.e~ to pa:ietra te 

aore rapidl7 cndar tl!e influence or granv tl-.an \10Uld 'b9 a~~tet! rraa 
the_ vs.tar llixlni rat.9. Therefore, the erreetiYe oepth of 111.xing could 

easil.7 b9 much t:r.ea.ter near ground zero tran in the m~r• re:note reg10:2s 

ot the fallout pattern vhere c9.llar pu'ticuhte 1a respo~ible tar ti. 

aotlviq. 

r,,,,.. _, •. ,..., C I 1 q '- . . '-· : .. ' f 



{-

.l rouch CO?Teation vaa made in the ~1 ea.ta. for the motion ot ~ 

ocean water &Ubseq~nt to the c1spos1tion cf the fallout. For the purpose• 

ot this prelimina.ey re}'Ort the CUJ.-rents 11rera &pproxiltat3Cl b7 a unifora 

drift or 10 nautietl miles per dq to~...rd 260 degrees a:;iauth in the 

region ll'>rth of 12 dep-ees 00 zd.nutea north lntitudet e. drift of 10 ltlllea 

per iJa;r tO\l'd.?'d lSO degr~va azirruth ill the region southwest of Dikini 

Atoll, and a zero c:irift southeast ot Bikini Atoll. TL~::;e x:iot!on pattgrus 

vere snoothly c.:>nnected in i!ltemadiate regions. The o-.'.>t!.on vas assU!.lod 

to eotnenos at an avarafe time :S aa-!".!.vn ot B/6 ho-~s. 
(h) 'i'ha Projeot 2.64 aarial survo7 readings tikan o.t an altitude ot 

a.bout 300 feet 'W6re reduced to rea.ding:s in tba wa.tc;,r b.r troltipliC3.tion 

b7 a faator of 10. This factor inala3.ed a :actor of 3.3 for tho finite 

a.oceptanee angle or the detector, 1.5 for the ettee~ivs air a.ttenua.tiOll 

between the water surface am 300 feet, ~7ld 2 to convert t!le reading over 

the vater into a reading inaide the va.tar (sse Appsn:iix C). Using ·t.ha 

aa:ns i:ormtlizatiOD factor eomputad for the Project 2.62 \13.ter ras.dings• {j 
. 4~0~ 

these nu:noora were reduced to equivalent land exposure rates. ~~ \\~\J~' 
lo' 

4J,l,l,6 Centr§l Tit,.,e gt ArrivaJ. C~ntoure. Ths ~ntoura in 71gure 3.8 

represent tha c.al.culated ti!tea at \lhich a particle origin~ting direc~ 

,. 

·, 

70 ' 
10 
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aboft surraee SSTO VOtt1d arrl:n a\ & ].OQ Uon Oll the eurraco. Tba taa\ 

~~\ oontour• are exhlbl tea 1tdch bdlo3.te tw fallout thlo1 aasociatecl 

· vith .one points results rran tbs po~si~ilitJ' that particlo1 trca two 

regions in th8 irdti&l clot:d CUl arrlw a\ the poillt. Sinoa tbs 1.nithl 

clpUI le ~t a. nrtieal. line source but bas apj:irec1able hor1~:rtal oxtent., 
~ . 

the t.otm.1 tw ot arrival at a J>C>lnt 001.Tftsnonda to the m.nimz::l Q~tral, ,1-
·rcµ.:L-~.-1.) fAL.:J C~~H~~ .... --f,,~•.:~ ~ o.. ~ ~ ~~ M-J.~ cl.._.....,...._ ~l...lf-U-.1/-'fJ'~("~ • 

c.!... . -· -~- .,.._....,.---------., 
---- . ti?l& of an•inl> fer. all poio_~_!'JU1;,,. __ a n'°'i<" .PMi-... Liko;d.99 1 the tima 

ot cess~tion oo'M'"ezpo~ds to the m..dntn oentra.1 tims or arrinl far all ~-0~1::--~ 
4/_#-t- &rt.-le-. . 

~' vitbin ~-radiruJ. 

11gure 3.a also presents tlll3 obsen9d tr. t>t arrival, Um or peak 

rate or arrival ot aotirlt.71 and t~s of cees•tiOD or fallo\lt obee1 ve4 

for the Zuni event. The data is gathered rrca the :f'ollovlng aourceSJ 

(a) Ti.Pe or arrival dotcctors on tbs !kltts and pontoon ra.rts. 

(b) G:i.~ "t~~int~n~it7 recorders• aboard YA.G '91 UC 40, U:.T 611, 

1l''UB 131 !FID 29, an4 tho Site How ~tetion of Froject 2.63. 

(c) Monitcrr ct tr~ys ·or ino:ret:enttl r.:mt>le.rs lonltoo &.boa.rd £hips by 

Proje'!t 2.~J ~~d on islands 'by Project 2.65. 

{e )..TOO- f~"'t3~ ·expo~ rat.a- Teco!'dere inRtdled -a\-<-saaa~~hld.!':8t?!tiona 

BEST AVAILABLE COPY 

_/ lt..L.1.'l_ T.£7! lkr.ir E~~e Corrtoure. l'or appllcatione to praatic!l. 
// --

tdl.it.-arr sitnatio11a, t."le Bl.L hcrW?' 19.lld equ1val.ent exposura rate is not 

particul.arl.r a.pprop:-is.te. The timaa or arrival. or t.'la fallout rsa;r TUT 

greatl7 along a. particular radiation contour a?d hence the total dosage 

to _personnal. in those i:re!!.8 villtrT• Fir.ire ).9 presents co?1tours of S~ \\\\~O fllC 

the total exposure re09ived at l.OC!.tions in tba fallout zone frca. tba 
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oentrf_I t.1rG or arri'llll or fallout until 10 bolzr• later. The figure ht• 

Men }tn•t~ us1.ag the exp3rin:antal fallout r&a1atloli dilltri.bdi~ 
trC111 r1£'1ll"8 3.7 and the calaul~ted central time or arrinl contours of 

l'tgure 3 .s. The as~tion has been made that tbs a~in t,7 dee&1S 

accorc!~ w a t-1 •0 cle037 relationship. In int.erpretillg this plot a 
t,erme ot exposure to personnel experiencing ~ fallout the asotaptian 

Goh- r 
1• made tba. t the ~xposiJre ia tb9 sa..~9 ~ tl'..at •. would ~ve been ext»rionoad 

it all the Rt.er(-U had a.rriTed at the central tim ot ani?al or tall

out. Th11 u!"Uliptlon is equival.eLt to an u~tlcm or equal arau 

demonstrated tn F4;ure 3.10. BEIT AVAILABLE COPY 
tl The total exp')Sure oata ot the Project 2.1 fila badges en.! doai.Jteters 

were corre.ct&i r~ the dif'teronoa be~ recoveey title am 10 houra 

afte,- tM centrtl tb.e of arrival and ha't'e been presented u dat~ points 

on Figure 3.9. 
u t0on erl -f-

.l.111J., 8, Gross Decar ~. Tba deca;r charucteristics or t.'lc fall-

out samples vill b9, in general., cet9~d bT tbs ~bim.~1on or the 

fission product and n~utr011 a.ctivation product deC!!lB• The p~dadnaut 

C.<iptu'!"s product s.ctirltJ- at tbs times the Sa::lples wera obs3?"1'3d 'W3.S trm. 

I<p2Yi (2.3 day htl.t lite) which occurs in abund~ vhsn~ver the tisaian 

y1elc! of' the wapon results mostl7 !'rm re.st r.eu.tron fission or v23S. 
The asSUI?tption or a t-1•0 te~ for !\M.l.ysis or tbe z~ fallout radia

tion da t!. va.a chosen to represent tha combination or the tbd.on pr~uot 
2.)9 . . 

am EP activit7 du:'ing the period or Ula surw;s er. to D.4). later. . ~o 
. ~o 

JaOre prao!tJa a..1lal.yses \.1.ll ur.doub"Wl.y be ba.sf3d o!l the ne-tu.u obsar~3d~ ~~ 
LI 

decQ'. 

7?-
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~J9 np2~ capt-an to f1E~1cn rat1~ ?"f'~rt9d "1 tTCRL far tb inni ~t 

vas approdl:atel.7 o.)6. 

· J'relisinarT o't.s~~t1ons bT Projects 2.63 and 2.65 cm the ~ photon 
. 

~9C1f i g~ 3XIJOS\:?"e rate decay, wts c'inintfrrs.t!~! per Jt!m!te ~ecay1 

&Ill-. .the· £J?:l'S. ·ex;:.c~.1:"3 'rate decay ol-~ ·l7 reuure~!'. rm ra.4iat1cm .. 

tieU1 tro:r. conW.ir..1.hd isl!.n~a are su:o,.r1s9<! 1t1 'Tablt 3.2. ~. pre

l~g,17 result. trcz: ProJeet.t' 2.62 on the decay oonst!..."tt ~wlicnbla to 

clmed 1n Table 3.2. 
BEST AVAILABLE COPY 

tTirla llsLge (hours) l 5-20 20-50 50-200 _, 
Ga:na Photcns• c.6 o.6 1.2 
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3.1,2 IaCrpsse. 

3.112.1 Int!'O<fuct1og. The taerossa Shot. vu fired on a.n artificial 

!.al.and OD the roet ott Site Ivonne, Eniwetok A toll, oa S Mi7 1956, a\ 

0625)1. The ~eld or the veapon vas measured to be JS.S KT. The eirrlron

ment ot the shot point consisted ot aha.llow water and reer. Tbererore, 

tbe burst vas essential..lT or the land wrrace type. In the rtcinitT ot 

the burst point. w.s located la.r£9 que.ntitle1 or iron pipe used in tha 

diagnoatio instrumentation. BEST AVAILABLE COPY 
J.1 12,2,Particle F11! Plot. lfhe particle tall plot illustrated 111 

,. 

Figura 2.11 has b&an covstructed ror onl.7 the larger particle sizes, 

sinoe onl7 the atoll area ftllout va.1 documentea, and. hence 0001 Mt 

need to !nolude space or tine variation or the 1.rI.nd structure. The 

other co:t:1Cnts l:l~~a in Section ) .. 1.1.3 about tho 11.l?itatio~ e.nd interpre

tation or thie rlot are applicable bare al!o. 

J,1,2,3 Ch~raetelj.z~tion of Fallout l!.3.teri!tl• Project 2,65 on17 

pu-ticipa.ted Oll a llmi ted basis in the fallout collection tr CG the 

Ia.Cro~se ~ot. The best sample vas secured from a truck e&nTaS on Site 

Cane, Two types or particles \.'9re observed, ()j8 ot vhich a.pp:sared to 

resemble natural vhite coral and the other \.i-hich \r1!.B partiallT or tota.ll.7 

black and conta.i.ned v8171ng a::.ou:its or iron. The r!.Cioactirlty appeared 

to be uni.tornl.7 distributed throughout the voltne or bot.h types or 
particles. Eight7-sevan perC9nt or the activit7 was associated vit.h 

c.f 
particles in the 210-.420 micron sieved size trection {Yi£Ure ),11). Pro-

ject 2.65 observed 1.naications or fractionation ot 1:p
239 relative t-o 11o99 • ~o ~C 

-y,~\;~ 
The Yo99 actlvi qr vaa assumed to ma.sure t~ fission product ac4wivit7 ana S~ 
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a capture to ties!on ratio vu caloulated tor each •!.IIPle• The apparent 

ratio e3tnea to Ta.r'J' trOll sample to •ample vi th poa a1 bl7 a decrease \d th 

lncre.ulnl purt1cle size, Ta.qing tram approxlmtel.7 0.28 ill the smUlest 

1izes (75 micron) to 0.20 in the largest (200 •!.cron). These mabera are . 
appreciably larger than those tram the cloud iaple a.nal7£18 pertoraed 

"7 LASL vhich Tielded a capture to tission ratio ot o.OS6. Therefore, 

there va.s apparent17 an over abundance or Np239 in these samples aa ca:a-
\J 

pared vith the Ko99• 

, 11,?,4 land Eauiva.lent Di~tribution sr Fallmrt. Radiation data at 

sites on the islands •"lra aTaihble frcm two sourcess The Project 2.65 

helicopter-probe eurvay am P..adSate readings. The probe rea.ditlga have been 

corrected to B/l. hour by using a i-1•2 ~ecq expression. In addition to 

this raoto~ 1 the Rad~&f'e readings were convert.Gd trooa readings at 25 ro~t 

am 50 root altitudes to 3 root readings bT r.rultiplying by 2.5 and 3.2 

respectively. 1-'here matl)" readings \."ere tmn over the ear. island, the 

D-day RadSa.te reading and the thTee successive dq probe readings \."ere 

averaged. In these cases the cons1swn07 of the readings wa vithlli a 

fact.or or two. The resulting radiation p5.ttern 1.a chars.cterized b7 the 

dat!. points 1n Figure 3.12. Unfortunatal.7, the data do not cover enough 

area to allow contours to 'be dravn, so o~ a rev general conclusions 

vill be d~rived tram this event. The radiation levels neai- the crater 

11.re indica.tea in 1'igul"'8 "·"· BEST AVAILABLE COPY 
lJ..2.5 C9ntry fime or Arr!nl ContoUMS. Figure 3.14 Pl'.:.sents the 

pr&dicted central t~-e ot a.rrival contours tor tha Is.Crosse fr~1;. Bo 

tme ot arrival detectors wre operating during the fallout rrca th1a 

; : ~ ... · : ' (.' t: '; 
.... ' ' . 

71 
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e'ftnt, '11.!t these contour• C?.ll be usea to e<'!!pare total expos\1%"9 neunre

•nt. ":it.h ~ ratA 1e~ment1, m:i4 hence ere preaent.e4 hire tar 

eol!V'!n!enoe onl)". · ·· ~·. · • - · . 

~~~~ ntc.:!Y@;f:1f-ProJect 2.~ 1et.nre4 &e?sr.te17 Ule 

~ -aid bata"&C!S7· ea..-ne cf-·tH ,t~rosse h.l1mlt .aP'fBleS o~ "'~M __ 
'\. ~-
l -

pe~ fro. Xl bour8 to 530 houra. -n. &~7 ·~·nt ot the can.a ex-

pos-Jn rate VU obSElnt'd to be 1.3 nn4 ot the beta !.ntensi't7 (coar.ta 
)~ 

per ~mrt.e) 1.2. The g~ ~ rat& re~ 1n the r!el.4 h!.4 & 

deCW ~nent ~ 1.4. 

l,1.l }!ohs~ 

l,1,,.1 Int~gt1('f!1. The l'..oMvk dev!ee vas detOn::ted on a .J:>O 

em the 

.. 
_b--e·~~ 2 p~icip~tion 1n the Fiohl:wk event was llmitect to the 

Project 2.65 be-lieoptor probs aerial surve7. 

lJ.e),2 PP..rU.ru,e Frill Pl.qt. Since onl.7 the close-in fallout vu 

(1ocurented, the ~cle tall plo't bas been construct.13d for the larger 

particles Gnl7 and w--~ not cvrrect.ed ror U4Y ap.:ice and tim varia.tiom 4~0 ~O 
~~\)•' 

ot the vind pro~ile, 1'1.~• 3,15 represmts tM puticle fa.11 plot ~ 
\,. ,. 

the Y.ob-11'\lk Shot ti?:9 winds and is, or eottrae, subject to t.m llm.t.etio:l8 

- ------------ ------------

., 
1 
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ot accurccy e.n4 intorpretat!.cn iiisc-~s:ied in S 

,l..i.l.l t.wEzuivr.lent DistrilvtioD ct Fallgqt. Throe toot high e~surt 

rate ree.di?>ga vere available ~·the ProJoot 2.6S saner u vell u the 

RadSefe lrtlrVJ7 ot tba oonta.,mted islams. Both sets or readings ware ex-
1't -1.0 ,._ 

t~apohted to Hr .... hour 'b7 US1nc a t uucq equation. Tba Ra4Sate read-

ings at 25 tect and 50 teat eltitude were oonvcrte4 to J teet read!.Jlt?a bT 

1llUltipl.yine b7 2. 5 and 3.2, respectivel.7. The resultant exposure rat.a en 
plotted aa data points on a ~ 1n Figure 3.16. The observed. t!eld gmma 

exposure rate decay exponent vaa 1.1. It 1s interesting to note that ree.d-

in.;s neu- tbe crater, extrapolated to Bf.L hour, in ~ cases exceedel 

101000 r jPr. These values are higher than eey previous ext.rapoleted ruues 

based on D-dq mc.sureoonts. 

l!l.r..l-t-'• Ccntrl!l Tia: ot 'n~nl C~or1TJ!. The constructed central tine 

of e.r·riv:'.l contours ere presenfod in Figura 3.17. The:-o vas no drta ts.ken 

rele.Hva tc su~h r'1)::.s,_ire:m::nts e.nd these contours ere prescnt,--d te;r cxuvcn-

BEST AVAILABLE COPY 
lr..L/.....l_Tutro~12t~1!'.21• Tba Teva device va.s detonated on e bmte in 

sballov l.Tc:.ter CV Gr the lagoon reet octireen Sites Cha-lie am Dog, Bikini 

.'lt,.. 11, et c54&-! 1 21 Jul7 1956. The yield of the device vaa masured to 

/ . 

.. .-·-·--·~. ·-·· -.·· 

'-~·:ich 
............. - - ._.....,..... 

r:e e-•. vi.rcnront prlor to fi.ri'!"~ Tcr.:a. is ill~~~ ~r-~.:.kd in Figure ).18. 

Aerial plwtogra.pr..s shov that a crater or aba.1t 3,A..'<> feet in dim:eter 

va8 produood in the reef. Considering the shallovness ct the Vater OYer 

the reef {o-6o feet), 'the explosi w size ot the •eQOn, end the crater 

size, Teva is considered a.a a land surre.ce lflct. With CP.rcfu.1 cn~ia ~O ~ 

it 1!.?.Y be round that the 1'.,""00!1 vater 1n8rodnced differences in the ~ 'y$ 

1t is ex:.~ctea . 
~ ·-

th'lt these ditterences vill be sr:.11.t:
: ·). ~ 

~.J· 

I tJ I 
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J.1.!.2 Dis1rilrrt1on 9t lctll!!;T 1n t.he St.!.hil!zgd Clg14. 1 Llltite4 

radiation z:easure~nts wre made in the mielear cloud vith tou:J! (4) rocket.a 

tired at a.bout H/7 Jt!ntttes. Subject to tb9 llm!te.tio!lS given !Ji Soat4oa .. 1 .- () 

b.,,,,._ 11~ ,_,,.~ tt.~nJ ~~ ~ ~ i 4 

).1.1.21 the re1u.ced rMiatinn rate read..t.JlC&f r.re presented !n FJ..,.-nre 3,19. 

A rlew ahovi.ng tr.a loC2. ti.on ot tbs plane or the rockets 1n the el.ou4 19 

preGented in i'~"'ttre 3.20. The tllmns1o~ which wre used were obta..tm4 

tron pboto_:ra.p~ ot the Navajo mshro011 taken at Hf8 Jdmltea. 

J, 1.ls.r.l PP"'1:t.!c~ P~.11 Pl.gt. Figure 3.21 represents the particle tall 

plot for the vims m asured at end after shot t!l:c tor the Teva event. 

The ~nts and linitatio:is ~:.revicT.lSl.7 given in s~cticn 3.1.1.3 u-. 

e111ill7 epplleible to th1a plot. 

~. l,Lf:. Ch~.:nQt-~.tiz.1t!on_qf F~1ltzil~r1~rl• In general, tba tul

out r~t~rial closel.7 reaenbled th.~t !'ro?n tba Zu:c.1 Shot as vell as t~t 

f'ro~ CASTLE Br:-.. vo. Pa....~icle si~ en.i e~ed.c'!l ~rJ.yscs vlll be r.ie.rr.on:e4 

~st e.ccl.ush~l.J" i.n contimntd laborlitories end t!;oretore S"~ch chta. 

'\_,~~- t:-~t 1,.;:Vailc.blG st the the of \.Tit-!.ng of this report. 

J_,l.!,, r.~..nd...Ecmivalent_D~trlbJt1.QJl ot Fel.12¢; flffiiii"r. The ttll-

0'.lt doc:r....mentatio:i projecrl;s in Progra 2 pat!cipa~~d ~ in the 're-.1a 

event eDi the radiation data trcm t~e collection of m.terial &Id SW"WJ1I 

is SU?:!U.rized in Fi.-_;-~8 J.22. The data. L""'e fro:t t.:~ 8~ sources EM 

vere tree.ted in the se'Y'!"o.-> u.anner as discu.JSGd. in Section 3.1.1.5. The 

radietion versus depth profiles indicated an ertecti n deY-Ji of penetra

tion or activit7 in the ocean vater varr.ng lineer17 tron 20 mtera at 

10 boars to 62 mters at 38 hours E..nd re'l"'"..Aning con.ste.Dt beyo?d this 
~Q, 

tint. Tbs decq exponent ceasnrod in tb3 de~ tl.mk on the M/I HORIZOI ~~O o---

~~ 
BEST AVAILABLE COPY 
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vu 1.34. nznt v-oluc s vere usod 

in re<!nciDg the vater surve7 end the P2V aircraft suner readings to the 

l&nd equ!valent e~sure rates as presented in the oonwure ot Figare 3.22. 

Tbs uncertainties in this procedure caused by' tba perticulate nablre ot the 

talloot troD a lend surraca rurst have already been diarussed in Section 3.1.1.5. 

3.1.,,6 Centr-!l'.l ti..."S ot ArrirJ. Cont=O"gs. !1- central t!m of arrival 

contaJrs shm:n in Figura 3.2; ,.~ constructed as discussed in Section 

3.1.1.6 and the sate sources provided tho data points. 

J.,l..4.,7 TonJfoYI: ET,Po~Jte .Qon~JXI• Tm ten hour e,;:pos-~e contours 

end Project 2,1 d~ta points ere presentsd in Figure 3.24. fbe disco.ssion 

ot s~ction 3.1.l.7 is e,pplic.:.ble to this r.igure. 
&~~,..,-- -1-

1,Ll, S Gr~~s Dee11:t r~~~-; The che.racteristic oots end gm decq 

C):,?on::nts ob.3orvcd a.a."'ter tha Te·w-a shot are s:rrr.t>.rlzed in Table 3.3. Tbece 

239 
zto~,ld oo int~rI~reted in viev or a reported Np capture to fi5sion rr-.t-to 

d' ebo11t o.5. It should bo eEplt.asized th:lt thcoe ere ell prelir.inerT 

vilues l:.:.s0d on only p:?rt or the date. a,_d cio not co~lctcly repro~hco t~lil 

Tl~LE 3.3 GROSS n;:cAI ET..PO!~lTS F0.1 ~ 

1 I G~ Photons• 
~i 
~ I Ga?:na ErfOS4Jre Rate 
S· 
~ : Beta dis/zdn 
i:l l 

I ~ '. Field Ge,.,,-a Ex;>osure Rate 

f 
o I 

J~! Gan:.ia Er;osure Re.ta in Water 

uoin: ·: *YAG 40 s~les only. 
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la.2.1 Choro]r;pe. 
' 

J:2.l.1 Inttpdugt!cm. Tba Cherokee c!erloe va.s dropped trom en d.r-

craft on 21 ~ 1956, an! aatonete4 at a height or about J.,SOO feet at 

ap_pr~·3.7-m.les nortbeest·ot Site Charlie. 
DELETED 

DELE'f"fll 

The intended burst point tar the 

\te~pon vaa directl.7 a'bove Site Charlie so tbat the tall.out data vas to be 

epplicable to a m!n1nal air blrst over land. In e.ctual tact, the veapon 

detomted above the deep ocean and therefore the results ot the ~rbents 

t:-J.st be interpreted in that light. 

,l,2.1.2 Disyibution of Aetirtty in the Stabilized Clw~. TYO salvos 

or six rockets ea.ch vere fired at tl°'.Jl Coorckee clCP.li e.t nfl Iilir-ltos enl 

rfl. 5 r:lnute:s res~;cctivel7. Sine3 the rocl:e+.s \.'ere aired r:.cccr·Jlng to tt~ 

h~-.:m<ied zero point and h::r.oo \:-.::~ in a ple.:--.e e~ut 3. 7 dlC"s e:wey rrom 

E-t':'t.°. or the rr1clear lml.Shroom. Rm:evor, tl~ L.r~ dir.on~1ons of the clcn.d 

1:: oviucd sufficient opportnnitJ ror a nuz:ber or good d.'lta i races. TLa 

:r2:··.•lts l'.r3 plotted 1n F~t11lre 3.25 and Figure 3.27 tor the 7 Jd.nu.te and 

15 r.:d.nute asl.vos respectively, aeoording to t'te mthod dascribecl in 
3.1.1.2 

f'-:oti.on t/1n e.nd nsing the sc:.?.2 cloud dimnsions \Jhich \:.:re developed 

for Zuni a.Tld. a so:-evhat smaller et.em dieooter. The loc.aUon or the pl~ 

or t.he rocket trajectories through the m.shroom is lllnstrated 1n Figures 

;.26 and 3.2s. 
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H/1 her.ix" into the l.o.m' portio~ of ~~ Che:-ob:x? clCT.14 r.nd the Ncdinga1 

txtre.polr.ted bt?ek to E/15 rltntcs 'b1' ~in& 2 tor t.'la e.r._eq e~on·)nt, are 

also lll"'3Sont.~d in P-:.Jre 'J.27. Vis-1~1. obz~~tic:-.s tr~ th·3 ilicr£U~ !n

cH.cd-ed th"..t t.!ie rod4>:-o.:n ~1~, c!..~rc..et~L!.e or ~a o: nitrogen 

w1cb r..."'."& U3U~1.y e.s:;.oc1&tad vlth i?lt:nse r~i-t!.cn in mclear c.lou.ds1 vea 

BEST AVAILABLE COPY 

eT:~nt. !fo Gp:.CO ~ tim v::rl.a~~io:·.:i of the rl:d ~!';i.le lJavo b.!ell inc:luc1.:d 

in t~11D plot for t1:0 rc~s~'!lS; (:) the vn.rl~tio-:.a ··~'.i~ not 14.rge, ~n (2) 

J.~.l,~~rl.t;.rt.!f"~i.~.! 'P·~. F~~ 3.30 po:-trqs t!» paths 

:tol10"~0d by t~ ~.rr.ce vc~vels ~.,,.d. tb3 eircx-.:..ft. th:-ough tJir. predicted 

tt!ll.o::t ~ cb~ tba C~erclz.e r~i l r.::t sr:::?e;r. T°""~ GUrfe7 roacll.Jlga 

l.!Td.t or t.he 1~-ui e-::d.~lent e~G"~e re.te rc~-s in the surveyed area 

was le~!: thtn C.5 r/hr v'h~ ~:trepolatccl to E1J. honr b7 a ~-l.O deeq 

equet!on. A ecq>aisoh ot ~-are 3.~ \dtb ~ 3.2~ 1001cs.tea th~t 

it is t1..nllke!Jr th.it £n7 lE1jor r.tllcnt areas v.ore Jrd.ss* b7 the surve7 

whicles r.na thereicre it is cle:!.r tk.t this p:.rti::mlsr t,-pe or event 
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ilr·2 O;n~. T!l9 ~-e dsrlce Vt!.S &tor~t~d et. a J.dcht ot 600 tee\ 

07Ur Si~ YTO~..!lO at l3llJt o:i 16 Jmw 1956. !be pc 14 "~ zeu.ired to be \..,,.The cn'!y cv~!, eb'!.e d:.-te. o?: r-....dis.tlon lonla !a Iron ~a.re llli.r-
-. I . 
.,;;s·· s~ ro Proi;I'rs ~ f~loat proJact,., ~ti~~ted. Tba ;tJ. I.our u-

posu.~ :ete at ~o..ud zero v~ ~~~d to be r:.bcr.:t. l6 r/br. .lll ot.ba 

3.3 ~.&.!ZR $f.F;~Cl B'Jr.STS 

3,,,1 nr..t1~. 

l,J.1.1 Ir .. t1y::~ction. Tie ~tl~r..d Shot Vti.S f'-red on a~ 10et.ted 

off Site DOf:: (&t;~ Fi£-i:r4 ..3.,1) <..t 062G! on l2 .--~ 1956. The Ji.old vas 

,- ~ .. '• 

k·!S5eS of' ~.tctl~l in U4 ~;~ot ~--c. vore st,:~l (r.ha:t ~.&....., ti. . ..s) ard cor&.1 

(c.bcr.!t 23(' to~~). It \10::.ld mt '00 SU.."'?-"isir.:& if a Btl211 lut u~ast..rable 

£.:.!Onnt or these ~terlala \I~ rocr..a in the tel.lout oolleetors s1r:ee • 

~·:.terv..:l C:C;os!t~d, pre1.icto tL-.it r.."xut 3 Jtg gaQb ot iron ana OCtral ehnl.c1 

be c!e.r'ooi~ ~r G·-:_us.re fcot Of sn-rf'r!oe at a loc3tion where tbs exposure 

!AN BRUNO FRC 
ap~tel7 ll4 feet or w:it~r. Th~refc:-e, too shot actutll7 ~vprotl-. -·- __ 

m;:ted e. surrace vater b:i:rst in a d~p hc;.rbor. In e.dditic,n to f'urn!.shina 

ttllcr-t dnt.~ on the&e ~-rtirul:_'.r shot ~d.itio:--LS, it is to be ho~ t.bat 

• f 
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tros \!.~ cl-~t~ &o tMt 1t C"'!ll be c..?,t;1!~·3 t.o ~t$r b!.rc\ conlitiona. 

,3,,.112 P~-~t~~e ["ll P!Pi. T1e rl::tmr.d ~~tiolc !'all plot 1a 
.. 

Ulustri:t€d in ~-ura ,.32. Tho tx.!~~ t,P;i&t.r~u.:.~e or u-.. \:J'?Jr he1'h\ 
• • 

lines~ \Ible. ·eerxi 'b!.~ -to\.,~~ ·i;:;o..u-..a :re:-o· t<:>i t~o· s:ii~ Pta4Ueles, ii 

a rer'....eetio:l or too ne'V'3re U.m cl--~c~ ot t'to ... t-.d. ~!11.a. The tall.on\ 

~ \.1ere ch"?r.c'...e-:-izEd q a r~!il:' e~~roe; :.rL-.e r.!~tic,r .. .:!;1riLg -whlcll 

c;-elonic az r.nt1cy4cclc e;nt.en n.oved th..~?b the r~ut r.rea nt J;.OSt 

eltltt.Jes. 

efte:et~.TC ilrcpli;;t diC":"eter rlt t!io YLG ~0 pot;iti~ .-aa 100-200 mcro:r.s, 
e.lri thcs3 cc- ... ~~: rt~~ of ~0 po~e::nt. !faCl. ~ e.ctivi ty ~as, in geileru1 

associ~t-~a l!..,t'h ~ T:TJ ~ill (5-10 r~ic:~c:i) p~~!c:tc L~31da t!-~ c!roplot. 
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t?!E..t t:S w:t1-dt7 rro:i this V!.U.r =tu"r.:.co C.·~·st \-:~ c-.:ror~· r-~s~ciate4 

·.-1th µctu!d ·QI:' V~?:"/ S?:!'ll p~.J.aul 1.t.e er.eL:.&:d br ll~d dro?leta ~llea 

t~t ~ ~tc.~r f5!.r:..·?!7 :-e•41 ~-s c:-n b'.} t:Sed l.~t~ ~re ~i~euoo. Ia th1a 

t!:is :ref'Crl. Zcl.!'i~ it to s~ th!!t lCN ~-c1~Termi re2airlgs ~lr:.tc4 

fer N>~~~ ~C£:.j' <"b.ri!.g tl~ lcr..g y~?1.oG.s Ol _. ::_9 &urvay 1 CWl h;:. Ye ~p:-e-

this i:·ro~lm: 12 !\:.rclsLd~ bT a ~.ll"V(;;," t:-~t •a.s ;.ericru~ i>t~bsequu1t to 

th? rlf?tbet.d ~VT.:!lt1 b!t just ~ri:J?' to rt;\::.jo. :rt !ndicat.ed. tbat a region 

\.Thl.ch pro'bal~;r c.r!~::ted ~s.r tha Zutl e:ii r'athaa.cl era.ten (see F~"111"9 
-ci..e 

3.43). !t is tbererc:-a ~': lil.""f'..17 tt:!t,. ru.;:.:--lll~ %"&l1Q or colt"~-

L,_;c::n. BEST AVAILABLE COPY 
The e~..ervY:t!.oro l::;r Project 2.f:?. pro~ eas-'-wG~ lr'1lich 1£~~ vurlical 

, ~u-t 
r~~1td1on 1'rorllcs ~i!:lli.r to thnt illustrJ.U-d in Fi:;ure 3.~ ~ tdat SAN JlRUNO FRC 

c t { _; '.· C· '· 'I - ... . . 
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)6 •ton at 10 boax-9 after tbl · cSetonation, lncreaaec! Unearl,r to SO uten 

at ~boiN, ana themoerortb rmdne4 esemt!aUT oonstan\. Thi &cq a

ponent •asurec! b7 t.ha probe ln tJMa 4ecq talk ~ tbe M/f Barhon vu 
I.Dr 

1;1'. Tbeae obaemd ftlmt ot tbe dept,h ot penetration a4 4ecq ~ 

were use4 !A the reduction ot the ProJeot z.62 vdn 8U"87 an4 Projec\ 

2.6' •¥ .llf1rft7 4ata. Thi vater ~ton corrections 4!.amssed 1n Sect!ce 

3.1.1.5 wre alao applied to t.h!a data. 

,l.l.11S Cf81trd Th! ot lrrinl. Cggtqqn. Tbe o.,lcaletect C3ntral tt. 

or arrival oontoanl )u vel1 .. ibe oboort94 4ata p01nta) are presented la 

F1gure 3.35. Tbe intcrpntatioa ot this hta has boon d!scnsse! in Sectlan 

).1.1.6. 

J. ].l. 6 Tep Bqp;r lxposre Cont.ogre. The ten ha-Jr nposure oontoura 

tor n,. '}lead constructed .. discussed in Section 3.1.l. 7 are prescntod ha 

Fi: ... --o.re .3.36. The corrected ex;>c>s..zre data points &re also indicated in thla 

n.gara. 
..,£ 

£~~,.it',,, 2.» 
l.l11.7 nrors Decv !atr1'tl. The Kp ~ to fission ratio re-

ported for the Flathad event was o.:n. The dscv e~nts m~ured 

nr.&:r , ~~.ooa coroitiO"'-& f!!'9 ~ in Tabi. 3.4. 

.'!J.,.? r:,;1~. BEST AVAILABLE COPY 

~2.J. lr1trc¢wtic~. Tl• Banjo device ves tirecl on a bar~ m:ore4 

ort Site Dog (P'l.."1l.re J.:n) in vater a.bout. 2lS feet deep; at 055Q{ on 11 

lu.17 1956. rm yield of ,10 weapon vas ma.sured to be 

, Thia device vas t.he 
I 

or 'the REDVIE c!edcea and tlY--rero!"e provided m excellent ~t7 

to doctmcnt the fallout felrl7 ne e.r t!!e shot po~.nt vith~.It e~sing the 
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TABIB 3.4 Croes Decq Exponents tor Flathead 

T~ (HOure) .. 5-20· ; .W-,0 50-200 . 

Gamma Photona• - o.6 1.0 

I Ga....na Exposure Rate - 1.2 1.2 

P.eta dis/n1n - 0.9 i.o 

' 
Field Ca.roma Exposure Rate - 1.0 -
C'·8.lllna FAXposure Rate in \tater - ~ -'·or 
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'YO'q veat v1m!a at all altitude• up to ss,ooo teet, ana hence ll1Ch ot t.1ll 

tall.out patten vu ~raiea ~lte olo-ts to Bild.Jd Atoll. Jlevert.he1ess, 
'!Y..~ "14--tha obsenecl radiatlcn ~aadU.S wra mot excesstw. Bwawr, it tM 

•~vajo wapan•• 71•14 ha4 been predo~ trom n.ssion reactions, tbe · 

e:r.posure rates in the Dor.r.ieorge cot!pl.Gx W"lld haw bee h!.glher tha lOCXl 

r/nr at 'fl- hour ~ operational ditt!ealties votlL! ban resnltod tor all 

agonc1e1 ~ &ee4se to tboae sites. 
J r + ~ 
Cl.t/ '' · ·, ·' ;·,-. 

The le:·njo &.t.ee also pi--odded the opportuni~ to lfe!tS'"1.rO too errect-
1~cr:oJ.1 ~r "solt~• b; e tr<'c,:r ex.:.' r!:.-nt. AOO".t illlm<neb o~ 

, , "'' c-e ins.;irtsa mt ld:lt the tbcrmn--lclear fllol e~ ~ eo 11.r: ~~/) 
fallout ~~..,t·:.rbl. ~'US antlrz~d tor t?i.e a.et1vc.t1on pro&lcts ro~"'tl ting troa 

fl:.;utron C.".!ptUI e X-C!tCtions. r~..icver, this det~led radioclcrlc.al &na!J:;ia 

va.a perforJ:)d 1n the hors lttl.io:'atories ot Projects 2.63 en! 2.65 en! 

report. BEST AVAILABLE COPY 
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\)J:> I . 

f1:ts1on pro~luct activlt7 vas increaaetl. In parlimlar, actidtJ' JN JmUNO FRC 

'D.a 24 prc\luced 1n the salt vat.or v~ expected to be obserY:--d even thou~ 
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.. .-, Mlt lU. !9 onl.715 hours. I.std.a th1a "~..-----11 vas ~rtormd in the 

r<:sr thta l'eport. 

from JlaT-'..jO Wl'9 mch 10'.ler thsn thoae troll nathel!. 

l..l..?.t-2 DJ.s_1ri.ltllis2.~gtintx in tl\§ S\gbW,Q ~ Stg. 

Since the prerloua shots, Cherolcee am Zuni, ba4 7lelckd rce.s~bl7 £oo4 

data on tho dlstrlbtt1on or act1vlt7 in the mclett c.1ow!, hlt ~ kt& Oil 

the ~ 4 
.. •::w:, it vaa decl.d.Jd to alloc:te th~ entire six rodr·:;ts er the Hf? 

s!nute er:lTO to the lc..vaJo etan. The rockets vere ill a1l!ed e.t sn ele~

tion corres~ to a penetration height of abottt 26,ooo toot e.nd vore 

spraad !n uh:lth to cover all 1poss1ble dlrect!o:lS or mt!o!1 ot the ste11 

to be eapected b-oa the local v.lu:l conil t1ot:S. 

Fit'ure .3.7'1 presants the cross 8Cctiona ot the stell 1D the pla.m ot 

the tra.jecrt.ariea or rockets 211 31. end 41. FiJUr8 3.38 ii a rlcY ot the 

atelt looldrc along the trajectades 1ndie3.t1Dc? t..~ paints at vhich the 

ro~ts pierced the ccuter plane or the stcs et 26.ooo teet. On1T t\O 

or the rocket.a indicated rad1at1onJ E'Uli'Jers 2l 8Dd 3l. Those exposure SAN BRUNO FRC 
.. 

ratr.a vere less thm 50 r/tr 1 a%d could not be e.ocuratel7 11:2~ .. sured vi th 

the c~nt e.T3.llable ha the f1el4. ltocht 2.l received a total ~· 

or e!c1t o.os r ooh-c-en 13 and 2S seconds ~"ter l&lndi th:e, and rocket 

)! rece1-re4 a total exposure ot alxJutD.2.4 ia between 11 end a. seco~ 
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-·\Ar ~cb Um. lu~Ut:rot=th6-:.po.1t10!'S~-!.n!C.n:a.tion ~-71~.:-3~'7; 
f ~.t~~ A~~·~ 'J /t:t. dt,.'Ti-
~ irtlicate1 tM tollowi.ng tentative conclualomt · 

a. Tbs e~su.re r~te in tbe stem ia smaller. than that in the clcn4 brat 
"·"" 

· 1~!3t a ta.ctor ot IJJe 
~t 

b. The position ot the stP.m eheclca vith that predicted asS'.J.td.nc the vin4 
\. 

41apheea it trc-a soro t!m. 

c. The rat!1olo:;ieal dieeter or the otcJ: is no !nrecr than the daual 

die.noter, end t.be indications are that tb3 largest 8xpos'xrG rates are llt:it

ed to a rr.-A.11 traction or tho stom volume. 

The !If.LS s~vo l.-as al.lcc.n.ted to r.oaS'Jrillc th~ e~ rate in tho tr.ieleu , 

clq.id, b.lt !ti a.dd!.t1on va.s designed to J'ield data en the repro1ucib!llt7 ot 

the d2te~·tor re!i.d!n;s. Only tl:ree trajectories uore cl:csen a.cl tw rocketa 

i:i~ir or rockets er vhic!i ooth yielded prellt' .. !rJ:.17 de.ta indicated th:::t the 

readings vcre repro<i'.icible vi.thin c~t 2:>:~. The !1.ntll reduction or the 

data \!ill ~ob'lbl.y a'lov too reprofhcib!llty to be bett.er than th!a number. 

The cbta tor the t_'hree trajectories is pre:lented in Fig'.ire .3.3J and the 

location or tr.e pl..~ or tbese trajectories tbrcr~gh the clD.14 is illustrated 

in Fi,,"lll'fl 3.40. BEST AVAILABLE COPY 
The Project 2. 66 ~~d alrcra_f't penetrdions of tl:e ~ ot the lavajo 

trJ.sbroon vera perfomed as soon as t.'le Project 2.61 rockets wro ant or the 

air. The re:t.ilts or t.~ose penetrations, e>:tra.pol.&tecl ~ to Il/15 t.dnutcs 

usina a t,-2.0 docz.:r ~la.tions'b.!p, ere elao presented !n Figure 3.31. SAN BRUNO FRC 

• The ~sb.roo~ size vl-·1ch lt-'a.8 nsed 1n Fit:~9S 3.)9 and 3.40 vas taken frol!1 
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or the pbotoua;;h to the Ure or the aaoon4 nlftl1 thia vill not »iatoriall1 
, •, ; •. • : • I , , I • •' ' • ' • • • • • r~ "' • • - ,..._ 4t ,.-.. fl ,. 

.,rrcct the ~enera.1. location ·or the rocket tn.jectorie1 relat1w to the. clcr.24. 

The· tact \hat the assumd llavaJo cloud 11 e~htl7 sl!'.aller than the lover 

· ,-1e14 Cherokee-Zuni cloud 11 asoociatcd vi th the different ~~'1ods used to 

darlw the cUunsicm. Th!1 1necnslstenc, r:ist 'be resolved by rcre complete 

analysis ct pbo~ra;hlo data. 
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,l.l.2,:J Panicl,e FaJ.1 Plot. Tba puticle fall plot tor t~ vinda ne~ 

urod at am att{\r shot tbe tor the r.avajo event 12 presented 1n r1cura 3.11. 

Tr.is plot, vhicb vns cc.nstruoted cc~1der1ng U.m em s,pe.ee vcrie.t!~a ot 

tho vind profile, is c1':.s.racterlzod by the SatX> wak vinds that prochccd the 

s~1LI.l Flathead particle fall plot. Of CO'.irse, the fact thr.t the ILvajo cloud 

vas much higher, and hence vas in-~uenc·~d ~.ore:. by the hisl tltitude strong 

en.sterly vin(~a, caus~d the e.cv.l-u fallout pattern to extend o'V'i:r a lart:E.r 

aroa the.n the flath~ad pattern. 

P'or a diSCDSs:on or the interprcts.tfon end lir1tationS of t,:iS plot, 

ScetiC>n 3.1.1.3 a.'tanld be coi~s:1lted.. 

o-.:t ut-erlal, as vell as that obs~rvcd at too IA~~, rese::·bled the stlt 

b.~1on s1nrry obssrved at the Y!"'.--40 arter flatooad. t7 tbe Ur.e the S:~~le• 

fro~ t':e lend st&tiO!t8 vere recovered, 00-9<1/i or t~ ptrtiC"ilate ~_a fina 

stl t crystals. There vaa som CaC03 ~ng t."le rerai ning zraterial. to iron 

vas detected. BEST AVAILABLE COPY 
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~ .. e-.1sse4 1n Seot~on 3.1.1.51 alt.h~b tbo nl1dit7 of the va.ter w.rvc7 deta 

la erfl,ancect b1' tba vater eurraco locaticm ot the bttst1 as d!amsae4 !.a 

. !, ' ~-

The ns-Jlta ot a p~-a:1ot ir.:.r?C7 on lte:vaJo aim• tw da73 ere 1ndicate4 
" 

.--':,- .. 

in Fipre 3.43. The rad.ios.etive •auck" v~1ch !a ~tdica.ted vast or Bildnl 
'l 

Atoll la pj.obabl7 !--!8 to ~ater ho• tbs Z'1!li and ?hth3ad craters. Sinoe 

the read:nca e.re P--iipreciabls, ~Id vlll not C.ec:J.7 r n~id.q due to the long ~ 

o!nee thc!e shot!, c~ l:.!St be t!bn ll1 !nter;,Tet~ ~~t~ 1.n t.Ms rog!on 

from rr.!bsaq'".i~nt. f.tlloat. mrve79. 

to re&loo U:e r.avr:.jo eurve7 ~u vaied linear~ tro:a 20 ~taro at 10 houra 

e.ft.er a:·ot. tbe to c5 Jtle!.ere a.t 3:: k~e' and th·neerorth reained c0nstant 

e.t the w.l:ie of 65 raters. The dcee.7 C.~JOn:~nt vhieh \.'3.S appl!ad to roeuce 

the data. to rf! hour ve..s 1 • .3? as deter:-..i~d by r:e~..s-J.rerenta in the deca7 

ta.~l: aboud the i:;v :-:rpJ~Ol. BEST AVAILABLE COPY 
J,3,2,6 C~ptr!ll T~~ ef '-JTlnl C~r:ti:n.re. The ce:itral ti!re of a.-rival 

cc·ntcurs for th; ~avajo v~nd. eitailon ~vn been plotted in Figure 3.M. •. 

The data points c~rived rrom the sources discnssad in Section 3.1.1.6 he.ft 

also been ir.~ic!l.ted. 

J.3.2 17 T~n four Exysm Ccntqnrs. The lfavajo ten bc:ar exposure 0011toure, 

cale-1late! accorQ.ng to the mtbod or S:ction 3.1.1.?, ere prasente! in 

?irrure J.45. TM corrected &!ta. pc~ts re~sarod b7 Project 2.1 are alao 
~ SA..~ BRUNO FRC 

i.ndicsted in the figure. --t-

~;:.~' 2 _ J,,.2,8 r.ross Deeu • ~ obse~.d Np )9 ~-.?tu.re to t1as1on re.tio 

for ?fava.jo v<!S 0.36. Th'l o'!>ssrved gross docay expo~nts under varlcua 

conditions ot tle&Silremnt are Slll:CUized 1n Table ).5. 

. •. ,, . 

:_ L .J ... I ~ ' 'I .. 
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4.1 *cHBIQUES 01 J.ZASUlb~Nr 

Cfl..A.PmB. 4 

DISetrSSIOI 

_ ,&.1.1 Introdµct!C'L Durlnr Operation R~G a 1ru:ber ot w14elr 
f ... ·.. . 4\,f:lll'ent tec~es vere uso4 to pertor11 Dasurezrent1 ?ll the falloa\ 

· f\•14. Sora ot these technlquea wre pertlcnlarl.r c!es!gncd to prodda 
- . . $ 

acCUJ'ate a.Ml)Ptic&l. 18e.suretxtnt1. h sor.e oaae.f the techniques mploye4 

are adaptable to the problem of a rapid surWT ot the radioloelcal situa- · 

tion atter the burst ot a nnclear wapon in a aUitary aitWlt1cm. Thi 

purpose ot the tollw1ng diseusd.on !a to describe brleny each eo~ral 

technique e.nd to r.&ke a necesemrllT prelidM.17 an! inoo?:Plete evaluation 

ot its role 1n the tield tests and lta possible epplic~tlon to milif,aJ7 

si~:~:;elfoo!~tt~::~~:L~=~E :
0

::~~~ inwlvns a ra-
dietlon scns~ng probe ~..ispcnded below a helicopter b7 a lo~ cable. It 

ia partic-U.i-.rl,y ueei'ul in ~ eec-.trate rea.din.JS at a controlled d!s

ta:lce above a land surface. In gereru, the rea.dinas cor:-espond to r:easu:re

rents by a su.rva7 instru.oent vh!ch baa bee!l hand-carried to ~'1e location, 

except that t'ha dosSg~ to the personnel b~ l>~en greatl.7 reduead b7 placing 

them a.Xive end mrq trom the f1el4 in the helicopter. 

Over srooth terrain the rea.rll.~CPS prob!.bl3' give an accurate tea.sure ot 

the dens!t7 or active son-rces on the groun.4. However, tbs eti'ectiw source ~C 
~o 

fa a circle or radius JJO to SOO feet, ~~ en-r terrain irregul.uities vhich.~~ ~~ 

vould shield pa.rt ~ the source trro t.'le instm.ment YO'.ild cause the readings 
to 

to be lcrJ. The ireter read.!~~ v-::\tld still represent tm dos au~ 9'1- perso!!n9l 

(
',"'"\JS , • ,... , 
r i -~ .._ ~ •I ..... ., ·. - ...... 
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locde4 at thet position, bot voal.4 not be a m~mtt• ot the si.irraee dansitr 

ot radioacti ft aattrcea (curie /m2> , 
~ mppllcabilltT ot tb8 tedin1qt19 to ailitary sit!l&tlona ~ l!Jdtea 

to obtaining read!~1 at a tev crlticd loc~tions in a fallout, pattern. 1 
! r 

.. \ m:isi1 cleared area is required and the present des!en ot probe ta not use1'11 
f -. : 

· OtH' water. The acC'Jr&CJ' ot the me.surement is greater thsn neade4 tor a 

cmcplete surTe7 and tbe Ur. !nvolna tor the B'JrV07 ot en extensive tallout 

area ia too long. 

t .. J.l.Goll~gt1on or Fallg;t s~.r;:)]&a. rm direct. collection ot tall.oat 

a3l:ples ia cn essential part or the analytical pro&ra at vea,pona ertedta 

tests. HO\llwr, tm question to ba CO!l3idered ru:r.r is whether it is good 

technique tor eval.uatinc the surface donsit7 or a.ctl\'8 ~ter!al. 

Tll9 laboratoey' reasureme:rt.s on fallout eat;plcs to date:rrJm their abso

lute activ1t7 c:ui be ude varr s.cC'Jl'atel7 vith fixed geor-~t17 co1mtitlg te~'1-

n1ques. The i:ain llr.J.tation 1s in t~ actual collection ot the StZlple. The 

re1Uiret"Jenta tor tha collector are that it prodtJ.ce negllgibl.a disturb.~ea in 

the sir f1ov pat tern end that it retain !Jl7 :t'.ateri el h?!Dsing upon it. 

'l'hesa requiretEnta mst be cat over e.11 engles ot incldenca, c.orresponding 

to va.riu.i1 particle shes, a.":d tor perticle tr~s v~ tron a fine aero

sol to a Orr d-i.lst. Further ~r!r.entatlon 1a n~eded to develop such ideal 

coll'3ctor•. . BEST AVAILABLE COPY 

Cle.arl.T th9 collact!on ot -material ii not a p:a.ctical ratter under 

oporetio:i!l tJ!lital7 situ'ltions 1 si.nee the collectors ~ ~t ba pl.s.c...~ 

before the event and. there is a lontt tire dalq- !.9lvolved vith reC1:Jvary ot 

sal5ples and trenspcrtation to s nnconts.ninated labaratarT• 

/3l, 



A.1.4 Rc41r&UoJJ BeM1Mf on Shio'a Deg! ~ttc:s. The 4ack surface ot 

the n~·· repreaentod a source tiel4 le.rae enough that on17 a arW.1 oorreo-
c ~ 

Uon ves needed to convert &11~ rate rea.dir..g above the 4eck to an 1ntinite 

tie14 reeM..ng. Hovever, proUJdn&rJ &.ta ll'ld1cs.te that the tine cerosol 
~ 

t.1Pf·: ot aaterial 4oea not readll.T collect on the c!sck wrt1.oa1 and large dq 
J : 

m&terial Jra7 be blow orr. Tberetore, 8'.lch deck readlngs aq tend to be 1ov 

an4 mst be correlated vith other somaces ot ctata. 

,411.5 Rruii1dJon Vu=g=-.ts Depth Pro~s in the Oega:>,. Vbsn the nature ot 

the burst !.a such tM.t most or the fallottt activity vil1 be dissol~ in the 

surface layer ot ocean vater, the radiation versus depth profile is a vorr 

useful technique for ~ en absolute &Ctivit7 measurement. The obscrra

tions during Operation CAST!..! and the present erperi::cnta indicate that mst 

or the activity re.!Udns abow the tbcrmellnt (SO - lSO matars depth) r~ 

poriods or 2!.".D7 da7a r..nd thGretore is accessible to direct t:easttren3nt using 

a!r.pl.7 constructed probes. These readings ~-e eallbrated 1n tertJS ct 

au:ics/,;J br anal.)1'Zing vater s~les in a hborat017. 

The lir..itationa o.r this type or reesurerent ror la.Id Sttrte.ca (islend) 

bursts, in vhicb mah or the aotidt7 ts associated .... 1.th siuabla pcrtiC".2-

late, are still undetc-rtlt:ed. FrOll the ne~ts ,performed at Operation 

IGDVIB:; it e.p_pears that at least half of the total dePosited active aterial 

rem.ins in the surface lare:r, btlt this traction J1a7 T&r1' grentl1 wi.th posi-

tion. For exm::ple, the close-in h!,;h e7.p0sure rate a..~as Esq have ~st of ., C 
~ YJlUNOVR 

the r.atoria.11 vhich is associe.t:d vi th the larger part1elee, dis~pearing S. 
l\..tt.~t~ll 

belov the ti·;ermoclir.e. Since those ereas onl.7 rep.pea~ a £911 portion ot 
-- Jt!i'·~t 

the tots+ i..~~ this wrould. ~ nrr~ct the conclU31on above. 

BEST AVAILAu&.1;. COPY 
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One teature ot the masuremnts tba.t ~ods contitncius caretal cl:ock la 

the probla ot probe contmdnatio!l. Since tho radiation levala in the 

vat.a: l!l'9 invarlablJ' qult.e lov1 1t !a !J;po:t,..nt to r.a):e Blll'9 that.A~ / _,_ 
H tt~'t7~~ A-~11- ~" ~_,,~ ... ·~".. ~~ .-') ~ 

~.' ... ot activity deposita4 011 the probe,!!5~ ~Ject~.J~'1e anaver. . . 
:~ ~ -tc ~~ ~'4~~~~ 
. · &..1.6Jt~on Bt~hv:a tn the Sm:taoe'Ccean L'vsr. 1 relatlYeli' 
p. .. 

~ ra.pi4 suno7 ot ocean tallout ares.a c~ be ~d.e using a probe to\.194 behin4 

a sb~ wlch meatr.ires the radiation field just belov the water surtace. 

Interpretation ot these ·read!nzs h terms ot total tallout irn.torlal. in

volws the US'u.mp'tion ot an awrage de~th or m1x1.~ 1 gui4e4 b)" tbl resnlta 

ot the radle.tlon versus depth profiles. This tecbnique tlUSt therefore be 

gpplled with care, pmicularly' in ~~or.a or recent fallout md rebiona 

\!here fallout ve.a in the form. or large particnlate. 

A&l.7 Rrui'lallin Je9.d1n:?_§ !!) A1r Pwt. i,.~e. Q.™• R~e.tion rea.dtn.;a 

tclccn in an tlrpl~ fiying aboYe contCld.nated ocean vr..ter, \.then corrected 

ror tha &b3orption ot the air, ix~.:.re the conecn trati.on or ect1 vi t7 in 

the surface J.ey-er or v~ter u.d.1 tborerore, are subjact to tr-'1a lhitations 

dise.issed in Section. 4.1.6. In addition, the readings e.t practicel. fiicbt 

eltitudca ( > )00 teet) 1 ra,,res$?lts e.veraging over 8.11 uea \.1lo~e rt-..dius ia 

cf the order or 1,000 feet, crid. therarc.re this trlethod must be us~ vith 

c:;re in ereu of hi~ gradients in the radiation field.. BO'Weve~, the sur

vey Ct'~ be pertorr;ed taster than that performed b7 a surface wssal an4 

therefore can outline the talluat pattern in a short Ure. 
SAN BRUNO FRO 

In perforci.%1' these aerial survsya it is hportant th~t tb aircraft 

erriw over tba tall.out srea after the rcl!oa.ctiw ratcrial bas ceased to 

eor.e do•-n. A rel!ltivel.7 small U>V-.mt or contmination tli~ht~ on the 

BEST AVAILABLE COPY 
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aircraft· can essll;r ~ask the radiation troc the vatcr rra.rtaoa, ooc:nse 

tba w.ter groatl.J' dilutes the rad!o~w source•. 
\ 

/al,8 EM.latlon ReWJ!n5s 1n Air 01?1' L1td· Dorlna OpcraUon MD:lDIJ 

the tecbn!que or taking radiation re~""8 ·s.n m drillane fl.,-1nG ~ · 
, . . 

- . 1m4 vu not used extensl wl.T becense or the saall arount ot 1tm4 area 
. ' .. present. Th18 metbocl ba ~n used tor tests at tha r.a'ftda Test Site. 

The princ1p~ llr.1 t.atlon ·oft.bis tedm!.que !s 1n the region ot high . 

ftelds, and as~cie.ted hr~ gred.lents. Sinoe the rodint:a do represent 

aver~38 ov~r sizeable ueaa the tcaturea ot the pattern v1l1 be m:earec! 

out over dis~ccs or tbe order or 1,000 reet. Furtbermre, over irregu

lar terrain the airplene Dq be torced to fi7 hieher t.'1an 300 teat end 

Cont.~'.ltion or the aircra..~ twt again be avoided, although tha . 
problem is not as critic~ as it 1s on a survey over vatcr. On tho othar 

he.nd, the higher read.lnzs rro:n the i~.m incre!.Se the problm ot dos~ 

to tm eircrart crew. BESTAVAILABLE COPY 
Tba aerial surv3~ system is eprili~ble to practic-U Jdlit3%7 situa

tioi:s sines it does roUuTb.17 or.rtllne tba e.reea denied to p~sonnal o~a

tio!lS i!1 a te!rl.7 short tiI:e. IT0"11ever• care sust still be ta!:en b.:cgnse 

J.oe:t.l bot spcts in the field m3.7 00 r....ootbcd. Oiit. br t l:e 8ut" var, Wich 

could ncvortbeless infiict sericr..s dos~ca on personnel. 

Rea1in.Is ~en by b~licopters bo-varing at 10'.r elUtudes aOOve lam 

surtaces baw been u.se-d principelly in tha tta.dSa.te surveys durl.ng Sk~ BRUNO FRC 

Operation RED~rtll3. · A.">art from the sllaht dccreue in dosago to personnel 

coq>~d \dth grO"J.!d operations, this mtlx>d has addition:l. rerit vhen 

used over J'OUJh terr.dn. It it ls cc sired to evaluate the oonsi ty ot 

-- · .. _, ' 
, ._ ..... -'- "' Cl.-,.' I. ,r. • ' 

. \. ' .i. ""' ~-· . ; .. ~ /? (p 



•ctiw eouroes, rather thsn the dos~, to pcrsonnal at a particul!lZ' loca

Uon•\ a r=eter hela at. a roior8:te alt! tu.!le ls las1 lll:el.7 to be shielded f'roa 

p~ or the source fteld then om bal4 at 3 reet over tba groan4. Betore 

sucb mthods are used tor aceu.rnte \.'ork, ho·.rewr, 1t vill be neoessar)" to 
t'~k 

_ . ~rtorm careful altitude ab~rpt!on ci1.1br~Uon er_per1mnts~ 
L 

· l:.1.9 J?rowl>lt hd.!et1on net~ct.cr-Telew:ter.um.a, A tecb.n!que vhich 

hs.a b·cn tested unSuecessi\llly at Op~ration T?A.POT an! ();>~ration REir..imo, 

hit 1Jbich bas pror..ise if' turther dcwloped is one involT!Dg tbs use ot a 

raclle.Ucn detector and teleretcr unit Yhidl c-:n be dropped onto a contami

nated area. 'i"-..A radiation readings ue t.'1cn reC?ived et the drop drcra.f\ 

vhich c~ retire tar enoUg"'1 wP~ to be CT.It or the 1ntensiw radiation. 

TMs t.3clm!cr.l8 is pr.rt1Clllerl7 ap~ll~ble to masur!.ng tba intense 

fields ner..r the crat~r rrom a nuclear lnrst. It is llclted to a mmber 

ot d:lta IJOint!l equal to the n'.lrlx:r ot deteetor-teleootcr units a~-1lable. 

TOO fa~ th~t the equ.i~!lt can c:rnU.tne to send inromation over e. long 

p.;riod or tbo ~s it p:rticul3.rl7 userul. tor field tests sinoa it 

supplies dcccy e.s vall e.s instant:::.neo-1s eQOs-xre re.te data• 

At R~nwun, this technique ves kno·.m t'S the "Bee.ch BaU Project• enc! 

"~ underts.l:en as an errort incl.dcnbl to that ot a ~or p-rojec:t. am 

lack or re9'.ilts s~J;O, not be usod as the 00.Sis ror pr~judioa e.r...inst 

tst::ST AVAILABLE COPY this technique. 

4.2 LD:ITATIO::S or Pi'ELDmi.lRI DAT.l 
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l,.2.1 Intm1nqt!c-n. This presentation ot ~data and the 

encuing di sa.iss1on vere coltpleted onl7 a tev v~-eka after ~ le.st event 

1n OilGraticn R~D 1lIEG. Therefore, it is to be re~hasized tlu.t the data 

are subject 1:o lerge cbal\?es and their interpretation r.:q al.so be altered 

OJ .I>' . J . .•. '· ' - ~:- -:: -: .. ; 



Ho-aver, the rezult• 

ot the tallout prozram are ot tlllts.17 !Ipartance fprndJatefy, am !t 18 
( 

to be bopecl that the errors introduced 'b7 presenting prelbdnart an4 

posslbl7 incorrect dat1 vUl oo oore tbtm cor.pcwated bJ' t~ ~av~tage• 

ot bvin.r a prel!m.na?T picture EVdlable et an eerJ.7 tlrla. It ls the 
~ t . 

purpose ot tbe toll.er.ling discu.ss!on to e~.lll4to tba sources or additional 

data 1Uid tba tx)st proOO.ble reealibra.tio~s vMcb. v1U be provided b.r t~ 

data in tbs Progr:u: 2 projects• finu roPorts. The re.ct that the chta la . 

prollmln3J7 and SOnJ clianges c.:m l:o rmt1cipt.ted vit.h the should not bl 

construed to man th-;it a ta!rl:r eooc1 picture ot the tel.lout problem !D 

op-~rationU situations 1s not er~bla e.t this tim. 
~ 

L_.2,2 1t~Mati2n 1'§3.Stlteaant:! in t}le r.~.cle?-,t-C!le .£. .ls discussed in 

s~ction 3.1.1.2, the prellminaey' d~ta on expo~a rats versus pasition 1n 
11~ .... r-n-

the nuclear ~ is $1bject to 1.~rge ch~s - prlurily fron t.l-s follo·.1-

ing sources a (1) The identirie~tion ot. a radfation ~cord \rl.~ a partica

lsr rocket rq be Ch2.ll-Jed. It this baeo.-.as necessary, a tl:'.jor e'-.a~e 1n 

the positions of thl .rcadin.;s v!ll ros:U.t. (2) 1 redct~r::ln~t!.o!l ot tl:e 

zero tire on ·the tr.:iees is 111..--017 to shirt thl radiation readin.a~ eloqr 

the trajoct.017. (3) necillbration or siJtll.ar detectors. _t>~ticu.1~17 fn 

high radiation fields• v.Ul prob:.bly indic~te a ~ru!nearitJ- in tho ro

sponsa carve. wich m7 ~~ tbe ~~..,sot tbs~ readings. (4) Tbs 

traJectorJ' data vlll probably be cbeDt.~ sllgbtl7. 

,l~.2.l L;;nc! Rurfa.oo F..ead!-.:.-.;s. The land Enrr~ee re~s e.re probabl.7 

su~ject to the least ch~-e ootip~ to tbe rel!itln~er ot the dattie ~SAN f>l\UNO 'Fl\C 

prinelp.tl cbsnJ~S wi.11 CO::S e.bo\lt in the U~e or e:~rlr.e:ii;."J]. decq curves, 

or at least theoretical dec37 curros b--..:.Sed on the re~d capture to 

-'T'- _ .. ~ •.. .._._, . -.... ~ . .. 
J ................ . 

r.,... _ , 
\.'. t .• c, . .... J. i .. : ...i 
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. fiasion Tat!o, rath-or than the aiJUilllfied t-l. and t.-1 •2 rol.atlonsh!ps. 

-'f 2.4 Vgter Surycr Bnaasnm. The vater surYa7 readilly""8 vUl be snb

Joct to ujor reca1ibrat1ona ba.!sed 011 tm e.nal7s1a ot the observoc1 deptba 

ot ·penetro.t1on u a tunction ot Um aft.er arr! val em Poai tion in the 
~ . 

. talloat i>dtern m:d on absolute counting ot tho vetozi S$ples. The aver-
\ ; 

a.t• da.;>ths or penetration uaod in thls report repres'3nt at best a mtho4 

ot presanting the data in a relative f'a.ahion indlcat~ the ro~~ r.au7!11-

tude ot the contendnat!on. tJben such a rec3libration 1a pertorired the 

caleal.atlon ot the totd material. observed, and hence the fraction ot tha 

ve3.i>0n loc1117 depcsited, cm be part~d in a sS.:n1ficant ta.shion. A\ 

prose:lt rmcb a calcmlation serves onl7 to demonstrate that tbe re~ingl 

are or tho carrect or&r ct zagnlt"ldo, an.i evan a oo~er1son or the we;>on 

traeticn.l betvaen d.H'tcront events is dou.btfnl. 

P~l.W.nL-y i;uacirau:n1ts on Tv11a fall.out m.de at Ir'J>L b'lS dooonstre.ted 

a 1arce v~1at1on or oolubil1t7 rate mid garr.:1 ap~ctra vi.th tirs of con

tact •1.th wtar (rerer.:)n~ ):)) • c~"'1llete an&ly'sis ot various tactars, 

ineludin.l v~1atlon or ~micle size vith distance trca ground eero end 

c!9~:?n.ie:ice or settling rate on particle size and solubill~• b requirecl 

to cst.l.bll~ a .rul.17 reliib!e set or contours. 

~.2.5 Aeri.tl ~n-vcv Regdinzs. The eerlal su.rvay re~, are mbjsct 

to th3 saz:a racalibrations disaasood 1n Section 4.2.4 and hl addition mst 

be rocorracted for the air a.boorpt.1on. Absorption ex;>erblJnta Iertormd 

at Opcretlon RED~i:IIJ ani so:;c theoretura. calmlationa should provide tba 

SA,.~ BRUNO FRC 
basis for this recalibration. 

J;.;b.6 Sm-:ul3 Re~~i."l~~. 'rha relative radiation levels derived from 

BEST AVAILABLE COPY 
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StI2la ra~;a aro proba.bl7 sibject to the lart;est ch~es. Aside troll 

tbe ~bl.ea ot collection ettic1enq1 tba ~s used h th!s prel1m!naJ7 c 
report represent cru.de monitor read.111,..~ o! the e~les mnsn.re4 !n atud-

ar4 ~ecmtrr situations, but. under conditions ot ~ciable baokeroun4 

_ . rt!diation. On17 the care1'11 mu71is e.nd countinz, dom later 1D the . ·-
continental. laboratories, can correctl.T daten:ine the relati ft ttelda sn4 

can, 1n a.1dit1on, furnish the absolute surr~ce dcnslt7 ot active matar!ala. 

4.3 IJISl'nIBUTION OF ACTIVITY :m tt3 S?A3ILIZED CLOJD 

A,J .1 Iptto.d11ctiona There is no strong reason to expect tbe clistriba

t1on ot activity in the atab!Hzod cl.0'1d to be a 1.\mctlon ot the g~ologic!l. 

env-'~on,"!lent ot the hlrst point, and ?lO expcrlr.ental evidence to 1ncli.cete 

e.ny such pbenotXlm!l. Tberetore, the o".ls3rVat1ons on all tle dcc.u:ented 

el}!) ts vill be c!lscas3cd to~thcr, keep~ 1.n ttl.nd that ro!9 oo~erison 

purposes the readiD.,'!3 should be dlvldod b7 tha i'raotic:u.1. rsfliolo3fctl. 

yield to be reduced to the eo-c=.on ba3is or a 100 p~~nt n.sd.on \1'3!!.pon. 

h.,3.2 Eock?t K;~~;;reronts. The rockot ~sure rate tsa!Nremnt• 

clcr.ld. Aa a :matter ot tact, if' the r.aterial. wre distrib:lted i;ro?Orticn

al.17 to the dr density. tho readings shcwld be constent in tbe cloud and 

tM s is not the case. The individual exposn:re r~te traces generally ind.1-

C3. te a rapid peald.n6 end subsequent doeti.na vhlle the roc'ket is still vi th

in the visible cl.er.id.. Tbereiora, as demonstrated p~tlcalerl.7 in Figures 

a.4 3,2~ ~u 
3.2,, ~ ·~~, end ., r:., most ot the a.ctlvlt,' 1s probab'!.7 in a thin 

~ 
leyar, W.icll is ~ lo~tr?d just c..bovo the be.se or the vi::ible J'jl-ft. 

- . S~~ BRlJ"'NO FRC 
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~be radial Tariation la al.so intorostiDJ. There !a sea nidcnoe 

tar 9\ e~ht 4oarease in oonocntrat!on at the center ( abow the st<m) 1 

a pe~ at a dista.nce ot about o~-th!rd ot tho v!sihle c1ou4 radius, 

am ·a 1r..ibse~nt decrease to the out.or regions wore the oonccntratlon 

- · appears to be about one quarter ot its peak V>.J.ue. Crudeq apo~, . -
the active -~terial ap;ea:-a to be conoontrated aa a 0 vasber• vitb eote 

snaterid ot lessor act!rlt7 tJPrG&d !nto tho rest ot the visible cloud. 

The liclted ob:lervatlona in the st,em ltxllcate peak activit, °'nceD

tratlora less than those diroctl7 alx>ve in tho cl.rod bJ' a ta.oWr ot ten 

or r.oro. Tho radioloJi~ stem has dircnsions IX> larger then the visible 

ste~ Tbarerore, 1n nev ot the rclativo voluoos, m !mpprec!ahla 

m:ount or ~:!.terial. exists in the stem at the altitucks obserwd. 

,L.3.J l~~.n.~a Aitcra.tt lfPg~gemnta. The actual ~~.lN ratos 

t:eaEr.ired b.r the aircra.f't pamtrc.t1ons \.'are in general lO'Wcr th~ those . 

cucu.l~ted tror.i too rocket data. at the sr.m altitudes. The ro1Sen for 

this discrepmey is not ,.at cl.ear. or oourse, no drcre.rt penetrations 

wre p~rrormed as ca?'lJ' as the rocl:et fii,zhts on these e~s, blt ~\3vicwl 

exporienoe vith the penetrations doos indicate tba t-2.0 docq ext:r2P0la

ticn or the aircraft cbta to be en ovcresttm.te, it enrt,b!ng. 

The observzticna of the eircra!'t 1n the stem su.p~ tho c:>nclusion 
~ 

thst the oonccntrat!on ot aot1v1t7 is stall eotpared to th~ in tho ~~ 

:ro-. ·~· These tl~hta, as wll ea the rocket data, onl7 drav this con-

clusion ror the up~ parts ot the stac at the ti.ms involwd. They shed TTI\!0 ~.c SAN 'BRui' ~.i." 

no _light on the quostion ot heavy part!ml~te vh1ch d.cht ~w fallen bo-

.fore tho observations vere Dade, er ror the part or tha stall oolcu 25,000 

teat. BEST AVAILABLE COPY 
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A·l·A l~out Patten Ind1oat1on1. At .present no eotn¥1.&te anelrai• ot 

the ~ r&M.ation pattern in term ot the perticle tall p~ ~ the 

rinite olo~ dii:ens!.on haw ooen pertormed. Hawver, aoi:e prelbdnat;J' con

olualona can be drawn trom the data. It ehould be ix>ted. that the B/1 hour 
- . 

- . esposure rate at a particular point should be ~~d rouehl7 b7 the 
t 

activit.7 in tbe initUl clatld aasocis:ted vith the height and particle aize 

intervall vb!cn encompass the point 011 tba particle tall plot, divided b7 

the area between the corrcspondlnc height and particle size l.ima on the 

plot. Therefore 1 whenever the beight lines cot:e close t.oge~er there 

should be an enhance:xcnt of the ro.diation f'ield due to the vlnd strnoture 

and not because or uq properties ot the initid clowl. A limit to the 

above statemnt 1s iq>lled by the finite borizonv..l d.Uens!onsot t.ha cloud, 

vhicb spread the ectiv1t7 over a minir11m arGa even it there !s no abesr 

in the vlnd structure. BEST AVAILABLE COPY 
The tolloving features or the fallout radiation psttsrn appear from • 

cursorT inspection colnbined vitb the particle tall plot1 

a. The outer boundary ot significant tall.out acecs to be at epprox!-
. ]$' 

ca.tal.7 the 6o nicron line, Bowver, the area up to the"micron llne 1a 

subject to such lov activitJ' ooneentrations arriv!.rc at late times that 

it is not ot concern in mi.lltal7 opsrations. 

b. The effective cload dianoter for the lerger p~iclea mat be 

smller than tbJ vlsuu cloud diai:cter to e~lain t.liG rapid doarease ot 

oont~tion on islands in the U7Jlnd a.rd crosswind directions. A.- cv:..re
\ 

tul e.otivit7 wrsus particle size anal,.-sis f'or t.be land station ea.plea 
- . SA.l~ BRUNO FRC 

vlll be needed to establish this ertect qu£"-.nt1tat1vel.7. 
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e. Large particloe tram the lover eteD region rr::, produce veey in

tense ~adiat!on areas a tev allea dovmdn4 troa the shot Point• Thi Zuni 

Shot gaw no lndicatiom ot tbia ef'tect1 bit a.U the blri8 shots produoed 

be&V7 contaminfltion on Sites Able and Charlie. Tb.is cont.am1mtion ooul4 

- : no~ ·be crosENiru! deposition trom the clou41 beca.uso Site Bow
1
vh!ch Val 

· · · 5o,. 
almost an equal diw..nce in an opposite direction t-1! lavajo am. Flatbea41 

u wll as the ImB bar~ vhicb vas closer, did mt sbav tbeso high read-

inrr•· 
4. The most. signUicant tallvut oomos trom the base ot t."1e mcleer 

clos1d. Tbe stix>t line• in the pattern invariably tell in the direction 

correspcnd!ng to 5o-60 thousand. toot llma. The concentraUon of nltitude 

lines due to the wind reversal at trase a1. tituclcs is not en~l7}i to expld.n 

t'1e IU'..u'mituda ot tba ef'tcct. Furthercore, the regions that received tall.

out trOD h!eher p~ts or ~lie clcr..id wre contamm ted to a soall extent. 

1'or enr.ple, on evant Teva a part or the 75-SO thousand toot tallout actu

el.1y re 11 on Eniwtok Atoll, blt did not produce enough conUmin!ltion to 

varrP-nt evacuation. BEST AVAILABLE COPY 
t.ly C!!ARACTSRIZATIO?l 01 FALLOtTf Y.A!SRI!L 

,,lul Introd11qtio;. Onl7 tra.gmnt&r)" !ntomat!on on aat!.vit7 versua 

particle s!ze distribltions va.s available at tho earl7 elate or this report. 

Most or the data on the particle sises at various positions 1n the !nit!al 

clcr.ld vill com trom snelysis or tba intermittent tallottt collector stmplel 

in Wich the partic.1e size and the or arrival cgn be oorrelata<l to a SA.~ BRUNO FRG 

unique position in th9 cloud.. S~.r.ce this !.nrorn:ation mat ocn:.e tro11 a.ire 

detailed analysis, onl7 prel1rnnar7 data as gatoored tron the oorrelation 



betvoon t~e raUa1t rM!Jttion plot en! the patiele tall plot C'1l be dis-

cr.isae4 here. 

T'~ ohor.icu and ra1.!01>11TJ1~ en~'B'I ot tbe taller~ material are 

also· ~ttara ror oont!.n~ntsl laborator, VJrk. !LTJevor, the result~ clata 
:- : 

: vil1 cbal Jlnnl7 vi th traotioMtion all! henoe vitb thoor!ea ot f'orrBt!.011 

ot tbo aoti w mts:-ial. At present, !.t !a not possible to include these 

tbeorias il:to tellout ~iel oaloulat!ons in ":i:rt' significant fashion. 

1raction::tfon 'tlQ' a.4'>f'ect the radiation dosage thr~h its r:.odifi09.tion ot . 

the c~ enera a~ctrwl end. the c1eCc11' a-'1l"w1 but eueh effects ere not 

vell onoUgh known to be incor;ort.tcc1 now. 

The physical e.ppeaanoe a.nd chod.cil n:?.ture of t?ie fallout his been 

roughl;r evn.lUE..tcd gt the 1~ stations ru:d in the no JJJ laboratory. 1\Jr

thor d,:-,.t:! O!l other ~Yl;iles r..ra \r-in; p!'Ofle?d ill tha b~,03 1£.0Cra.torial. 

Fer cx-:u:ple, as stiited in p~.ra~~h 4.2.4, som in!or:c~tion hr.JJ already' 

~en dzvalo:v.m on the chaact~r!etics or pertiale solubility 1n a Zone 

ot Interior laborat0?7. 

fA.l.2 L':.nd ~irfe.Ci? Burst. The dats. on the pcrticul~te ~tter tor le.!d 

s-11rte.ce hl.rr.ts pre~anted in this report is sppllca.bla onl.1' to le.n! consist

~ or coral vith nearcy salt water. Therefore, sone ot ~1-ieconclnsiona ma:r 

lu.va to be IX>diried 1ihen discuss~ birsts OVi?l' oth~, tlOl"e usual, types ot 

ground. BEST AVAILABLE COPY 
A cnrso17 insi>e ctlcn of tho paticle fall plots e--ld !'tlllout radiation 

plcts tor Zuni tri"lC! 'l'a'Ja in~ic3t.'Ja th4lt tre r-mt intensg regions ae associ-

&Wd vi.th p~tlcles in tha l~ moron size range. The La.Crosse plotaSA...~ BRu"NO FRC 

indicate that tba activity on the surface appears to increase vhen goir4 
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frc.n 3SO tO'Jm-4 200 tdaron pca-ticl.es, although the doc:l!l3ntation did not 

exten!(t,o the sizes below 250 Jd.crons. Since the intense pattern to the 

wat or Teva ...ppears to be sbart.1 11117 important lowr stem &etiv.lt7 la 

probably uaociatad with very lRrge particles. 

h genei:-&11 tha tall.out material trom the l_sn! airf a.oa birsts vaa 

quite drf1 ewn thoa.'.Ih there vu an appreciable aoount ot vatar in the 

env!romant or the shot point. Tba obwfou nature ot the material vaa 

in ge."lera.1 JlOditiodion ot oora11 ncml.7 CaC03, Ca(OB)2, mid so~ CaO. 

Uar1Ul7 other iMter!ala presont mar tbe shot Point also appeared in the 

tnllo-Jt, e•!!°•t the iron in tho LaCrosse event. 

lelu3 Ur Bprst. The Cherokee Shot at Operation EDWIN1 represented 

an ai:' birst over vater. The ext.ensiw B'.ll'Va7 of tba dovrr.dnd areas mb

seqiJent to this detone.ti~n established that the fallo~t radiation levels 

\7')~ not or l"d.llt~17 hi?Orlt:..nce tor this typo cf barst. Clcarl1" the fission 

prodact m~terial must have becom essociated "'1th jnlrticulate so lmAl.l t~t 

th9 loc!l. tallo;it va.s neeligible. In this ~.se the prob.lam has be~ one 

or th~ wrld-vide contar.J.nl.tion type and therefore 1s beyond the scope ot 

tM.s report. BEST AVAILABLE COPY 
Tbs requ.:froment still rettains to evaluate the contex:dndion from a 

J?eciaton yield wapon detonated u.Mer mn1nu dr lxlrst oond.itions over le.rd. 

To dat9 it has been established that a1:r l:nrsts ot ldlotJm y.teld ~ 

e.bow lend and ~ge.ton yield weapons aver vater do ?lat prodnce sign.i.ticent 

l~~J. contJlcl.nation. HC1.1Gver .. the probabillt7 that an sir blrst o~ a r.ega-
~ ~omc 

ton- yield WP.pen over 1and. produces contsru.nat!on is as la!!-~ after the SAN BR j, 

Cherokee test as it vas batore. Tbe reason is th!lt the r.:eohsnisns discussed 

in Section 1.2.3 b7' W!ch such a lnrst could. produce local cont:m1mt1on 



J.t. not ~-?~11 to a hirst above w.ter. It airraoa J:l.!torld (eco.. ,.~tcr) 

troa ~robe hd ~ht~ vitb t!ie tirebUl in tine to hn.ft tm fission 

proda.ct:s d9I>osit~ on it, the vater vould h~·"' undoubtmll1 ev~rato4. 

Jleooncbn:st:t~ ot the vater, it it ooc.n-~ at al.11 \JOUld prolnbly be in 
j : ~~--·. 

the for:! of Wry B~'lll. droplsts \k1ch \IO"J.14 not be loo~ deposited. 

T~rofore, it m7 be unllkel7 tb!lt blrsts ot a 11egaton y!.el.a vea?OD 

ovar le.nl ~"odlloe !lignilie!.!lt looal contanination, bit it !a po:isibla and 

the Cbro~e test does not naea.te such e possibility. 

~l mrt~r 5,,.;:\ct\ Bwgt. ~ ettect1ve pert!ole size tor vnter 

surf'aoe bursts ~~an. to oo mah tha sm:e as tor land aur raca bJ.rsts. 

!,gain the inte?lSa r~gio:is or the :t-~O'.:.t pattern e~m to be associated 

vi th ioa-200 micron ru.tc<r!tl. Furtbcrmre, t~e ete: re&llon to the l.-est 

se~z:s to ~"7"3 tbo attr.e · e'h!>.r!.cter as tor l!M surf'ace l::ursts. 

Ow extre. pl:onemnon 1micb c~ cru;ily oc~.l!' in this tr~ or sb')t ia 

a tine chmlG8 or tbc eft'cctiw ·siza or a p~ticle (droplet). As veter 

evaporl.tas or cond':;nses on too drop it co-~ :f'all accordin: to various 

di!fer~nt sizes as it• COt'9S dow. In ~~tion, ic9 pertioles wicb_ re

sult l'l"Ot: frozen c1rc}'s vf....11 have di!Ycrent ta.11 characteristics than the 

cirOll!l• ~ub~ticn of ioe particles vill else introduce variations. 

i'bar~na. of tb.is ns.ti.Jra CC"-1ld introduce n-1jar m..."'<!L~cations into the 

particle rail plct' 'l4-hich present bov.l0~::re hes no vc--..-y to predict. 

c1omMDtl7 silt. T!:.e var7 h!:3h co11e~~trr.tion or silt J:J'~.:r h1>17 a lr.rge 
SA.""t\ BRUNO FRC 

degree ct ev--...poration has takan place d~i=ing th~ pa...-tiele'a travel ea....-th-

ward. The actutl activit7 seet:.s ~ be a.3seci:lted. \.rlt..li e. very small_ 

Jllleleus a?ddst this slur17 type salt,- droplet. 
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I 



• 
' ( 

In ~norsl. it eppoars th'! t tho pred.1 ction ot tullout troia vater sur

face bursts C'?n be aw using aidlar par~ters to those tor lan! sar-

~~ ~~· BEST AVAILABLE COPY 
4e5 RELATIVE AREAS r:7 COHTAMiNA.TIClf 
f : '. ~'1'.; ·. ' 

l ,5,i Intronuet1on, The chtlracteristic dimensions ot a fallout pattern,: 
t 

e.e., downwind dist.a.nee, crossvind distance, etc. vill depend quite marke'5q 

on the existing vi.nd pr~file, Tor exa..~le, s v~nd profile having voey li~tle 

directional shear and strong velocities vould be expected to produce a long, 

cifar sha~~ ~ttarn vhereas the hirh shear situation vhicb is common in the 

Pacific f-rovinr Cround produces a vider and shorter pattern. It the,...e is 

S.."'17 hope or ch~racterizing the fallout refi,on by any para.neters character-
~ ~;1.:-\ ........ ~~--.......:t- s~ .... ~~ .... 

istic of the ~eaporvand relatively independent or the vind conditions, t!nr 
. -)1_·.A~t..r 

paranetersr~h~ re the areas enclosed ly the various raf!in.-

t!~n contours. In particular, the inter~al of the H,ll h~ur er.-o~~T~ ~~t~s 
:>. ··~~~ )"('tf.(9

1tK' ' -: . ' .~ ~.i ·· 

oveT ~ ar:;~ 'he c~aracteristic or t~e detonation only, ~3~ it repre- - ' 

f ~W' "ii~ ' .. -" ---- - -JI ,,1 - ~ '--1--
s en ts th~rariiological yield vhich has been deposited ~"'- z.'/:_"- ~·~"'~' 

• /w./'iJ~ 
l .~2 rgc,~cround. The only~ev~nts previous to Operation FXFwI!1G on which 

r,~r;ic:ent fallout information vaE available to infer areas or contours vere 

the : •J,iC·LE surface s?lot and SOl:'l8 of the Operation C.9$Tl.E events. or tulie 

J att.er onee- 1 the CASTLE P-ravo su~face shot c:mtours have onl7 been predicted 

r:·orn an analysis of the vinds with socie nornaliz'ltion fro::i spa.rs-e dat!l points. 

':he water survey data from Shots Yankee and f:ectar, Or-era.tion C.\STI.E, yielded 

contour area data for vater surface (r~~re) shots. Tor refe~ence, the~e cata 

have ~en sLt!r.arized in Table L.1 
SAN BRUNO FRC 



~,r-· 
~.&.a-.·.1 

TAB~ 4.1 ~·Jtl or YriEVIOUS SHOTS• Eli'<XrJRE RUE OON'IWR AREAS 
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'!"he a"'ove c.,ntour areas, exoept the JA!£IX surf!l.ce ~at&, wre multiplied 

f b7 a ractor or 4/3 and presented on the plot or Fifiure 4.1 ot area versua one 
.1 ( 

hour exposure rate. The factor vaa desired to normalize all data to a h1J>O-

thet1cal 100 percent radioloe1c8.l yield weapon. The predicted contour area.a 

tor 50 r.r, 500 r.r 1 and 5 MT bur1t1 trom Pererence 29 have al10 been indicated 

An estimate of the rad1.olog1ca1 yield &CCCJUJlted tor by the fallout data 

can be derived by a rough numerical integration or the exposure rate over the 

area. (See Appendix D). 

l .~.3 RF.nWHli -Pesul ts. The data on the areas or the cont.ours craw frcn 

the prelfoina.ry C.ata of this report have been presented 1n Table L.2. These 

~ata free the two land surface ahotg, Zuni and Teva, and the tvo vater surface 

s~ots, Flathea~ and Navajo, have also been pre~ented in Fifllre l.2. For t.~e 

levels ~-ere 1n all 

7~rt6 7:Jr· 
wapon. ,. CO?ITOUP.S,. F.XTRAPOU.'!'ED FR 'l1 PPELL'"llliARI !'!,TA AND MIST P£ ISED WITH 

CAlITION. SQe. fir-r-:~ e -f"v ah~~fe.s cj- ~(~Ac.A'-./~ cf-- Ud1;·.1y 
.·?, -11« /pt'~ I -jd // ~i-<.r. 

l,~.~ Ten Hour Exposure Areae. The ten hour e:xr,osu~e areas are not of 

direct significance to fallout models, but are of prir..a.ry concern in the 

~nit.a.Ty erreets or fallm:t. The relative areas or the various contours have 

been lbted in Table /..-3 for the four R!:DWING shots on vhich the Program 2 

projects rathered c~lete fallout data. The data have al.80 been plotted in 

FiP."Ure L.3, where the exposure values have been normalized to a loa;' radio-

logica.1 yield weapon. BEST AVAILABLE COPY SAN BRUNO FRC 

l,li,5 Cor;naris?n. In reneral the ~if'ferenees of the contour areas betveen 

/ 'r~ 
[; :_11 4 c; '! 4. 



\ 

-· -·· -

. .. : - . 

._ __ _ :..___~_.__ ___ ...;..r__(~-:_..__:_. - . 

> a. 
0 
0 
l:'N,I 
.. ! 
tn 
C.::! 
9"171 



. 4 

l> -. 
-(I) 

Q 

-- ~----r----_-, .. 

BEST AVAILABLE COPY 

PifuN 4.2 Areu of ExpoeUN Rate Ccmtom. ma RErMIWG Sbo\ae nTRAPOLlTID 
J>t'ELIMINARY D1T4. tfiE \lITH CAU!'ICll • 

... - ~ --- • :· --"'l:...-.-:..· .. -··-· - -

150 

l . 
• 

l 

i 
~ 
1 
( 

I 
l. 
I 

I 
\ 



-i 

-

• 

. ·~ ·~·~ .. --·-1 
/. .. ~.... I 

151 



N0~1 I Verr dou')tfuJ. - repres~nts ~l'.7'b est!.tia.te ot 
boundary or faller.it pattiern • 

• Gt};' .\Y1R l:Y:..f:3 l:XTP..APOLAi'ED FROM ffisLn:triAR? DATJ. 
A!ffi nJ~T B,; tT3::n '.JITH CAUTION. 

BEST AVAILABLE COPY 
SAN BRUNO FRC 

/'13 



I 

-, 

NO?E 1 *COMTOUR A."EAS EITP~..roLA.T :D FHOM rlELD-~N.ARI DATA "!i1> 
MUST B.'.: USED WITH CAUTION. 

BEST AVAILABLE COPY 

SAN BRUNO FRC 

r- . 

LI' ' • I· ,, ' ' I I I~ I I . . .. 



i 
In particular the CUJ'ft for '!bvajo 11 probabl.7 too hirh, l>eoau~• the ~I 
~and _the resultant low activitia1 1n th• outer region• or the 

tall.out area, caused the hlckground radiation level• trcn previ0\18 shots to 

have an appreciable ef~eot. Since in the prerent data reduction the pre-shot 

background raaiat1on was not subtracte~, the contour areas ae presented are 

pro bl bl.7 too large. 

Ccxnpar1son bet~ween the values predicted on Page 97 •Capabilities or Atomic 
. . 

Veapons/Reference 29 and those me~sured in these experiments 11 Eore uncer-

contour areas are larrer than the predicted values. However, an error 1n 

the conversion frC£n radiation measurements in the vater to the calculated 

value twer an equivalent land surface could have this effect. laboratory vork 

be.:ng perf'om~d at present>as well as more ccrnplete c!?..ta redu~ti~should 

rerolve the qu~Etions a~out conversion factors. 

No comparison betvean exrcrim~nt and prediction of crofsvind dis~nce, 

dO\.'l'lvind distance, and rround zero circle diruneter can be ~.a.de at this ti~. 

Scme or these distances are qui~.e sensitive to the actual vi.nd conditicns. 

Since the vind profile v:-!ich usu.ally exis~d on s'1ot oeys at the fa.cific 

~ovinf Croune, is not typical of the continental vines 1 there wuld be no 

significance to such a coopa.ris1Jn. BEST AVAILABLE COPY 

4.6 EX.\HPIF~ CF FALLOUT PAT~ERN~. II THE CONI'IND-'TAL UlUTED ST!~ SAN BRUNO FBC 

L,6,1 Introduction. To perform an acctlrate prediction or the fallout 

pattern fro~ a burst at a partioular location, a complete antlysis or the 

F.ED\l!NG rata in ter::is of a fallout prediction model should be performed, wtich 

.. · 

/ 
/'I'> 



vould then be applied to the calculatfon or the fallout from the asS\llled vind 

. i prof\l•• l!Owever, the accurao7 or the preliminary data t'loee not juatit7 auoh 
~ 

a detailed analysis in the limited title available for the preparation or thia 

report. Therefore the pattern• hnve been c0n1truoted trom the following 

&SS\ZJIPti,.,nal 

a. The assunec! vaapon vas a 5 MT total peld, 

surface burst. 

b. The ten hour exposure contours had the Bal:>9 veas as those observed 

for Tewa. 

c. The location or the ten hour exposure contour1 was chosen to represent 

an eEtimate or the relative positions in the fallout pat.tern. The contour( 

a.r-jund groimd zero were alirhtl7 distorted and reproduced vith the Ba?:le 

are~. The outer boundary- or the pattern \.~ detert'lined by the particle fall 

plot expanded by a cloud di8.L1eter of 30 miles in the S?nall particle size areas, 

and by about. 5 mil·~s aro\IM eround Mro. Th.<? center ~r the dovrr.rl nd marlmUM, 

vhich clearly OCC'Urred for both Zuni and Tei.ia, vas cbose~ a~ the 50,0JO feet, 

100 micron point 1n \hs particle fall plot. The errect or ~ strong non.

shear vind pattern on the continent is to displace t.~ie ~~ about 150-

200 miles downwind, alth~ugh ~~~-ne the tests it was a.pprarlnatel.7 50-100 

D'ii les rrooi rround zero. A detailed m~el calculation will be needed to verifY 

this position. Actually th~ entira aTe~ hetween grotmd zero and thie max1mun 

vill probably receive a lethal dose for personnel exposed tor 10 hours to the 

fallout. BEST AV Al LAB·LE COPY 
SAN BRUNO FRC 

l .~.2 Co:mar1eon or Vind Profiles. The vind profile which vaa incofj)orated 

into the particle fall, time or arrival, aDd fallout plots riven in Chapter 3 

L-, ' : -". I l C.: • • 1 I 
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vae generall7 as tollovsa 

v1th "epeeda or 10 to 20 lcnote, South vesterl.7 vind1 (Wasterllea) to SO-
i.. 

55,000 feet vith apeeda or 20-30 knots, and then turning throuch the south 

to the upp~r Eaeterlie8 vi.th apeed1 1ncreasin1 trcn 15 \<> SO knots vitb 

altitude. The two major shear areas (20-251000 feet and 50-SS,OOO fee\) 

appear to be tYPical or mid-Pacific torrid l.!.titudas. Cb the other hand, 

the T1ni ted f.tates and most or lurope lie 1n temperate latituc!ett which are 
. . 

characterized ~y winds een~rally frcmi the ve~t which have little direction-

al she!lr. ConeequentlJ' there vill be a different ehape to the fallout 

pattern under these conditions. For illustration, representative winter . ·~ 

vinda have been select.ad to distribute the fallout from hypothetical~ 
· ..... surface 1'ursta at Washington, n. c. and ... anta Monica,. California. 

l· .6.3 ~ash1n£!..o.n.. l". C. an~ the Fast Coas$. Figure 4.L is taken vi th 

ground £ero at the Pentagon ~11ilcinf. Th~ fallout psitter~enc:'dnpasces a 

good portion or the District of Columbia, Arlington County, Virginia and a 

rev small cities tmoh as Alexandria, Va., Annapolis, ~.,Dover, Del., and 

!tla.ntie City, N.J., .coverinr an area or 7,r:x:IJ equare ~iles (or land and 

Delavare and rhesapealre Pays) and a popul.9.tion or 119001 000. or these people 
~~,·. . 

9001 000 vill receive fallout vl:ich will be lethal tOTill e~'"ed personnel 

(t.en hour exrcsure or 500 r ). In close, (6-10 mile radius) or course) there 

is a compc·r111d1ng of blast, thermal, and radiological effects vhich vill produce 

casualties, and only the ar~a outside or this region should bE:. considered 1n 

evaluating c~sualties frrrl fallout alone. SAN BRUNO FRC 

.LI- CONTOUR r.n·E~!SIONS EXTRAPOLATED FP.CJ.f FP.ELD'.INARY DATA MID MlST !£ mm 
VITH "XTP.EME CAU'I'I')N. 
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lD exam1nst1on of F1£Ure L .4 vill ahaw that over 50,: of the potential 

easua.lt7 producing region fs.111 1n the r.orth Atlantia <bean. Therefore 1\ 
( 

la certainl7 possible to construct examples !n vh1ob the entire fallout. 

regioa vill encanps.1111 populat~ areas. ~ 

It la interesting to •peculate on the pe.ttern,117 leae representatiw 

v1nt!1, tor example vith the patte .. n moved 'JOO counteroloekviae eo that the 

250 r ten hour exposure contour extends well pa.st Philadel!'M.a, Pa., Rev 

York Cit7, and through Connecticut. 
~., , _, 
... pattern czre!'!fii~ bae the rolloving a.re~ 

a. A lethal area 200 milea long, 10 miles vide vhich ha.a a total 

area or 1700 square miles. 

b. A sickness area 350 miles long, 15 miles vide which bae a total 

area of 3800 square miles. 

c. An area of biological concern 500 ~il~s long, JO milee vide, 

which has a total area or 12,0JO squ~re ~ilea. 

It the w~pon chosen ~. 11:1u tration vas of the same total yield but 

had a small fission T.ield .. then the pattern would haves 

a. A lethal area 25 miles long, 5 miles wide vhiah bas a total 

area of' 90 square I!liles. This &rt9& only protrudes slightly beyond the 

a-rea or major bomb damage. BEST AVAILABLE COPY 
b. l sickness area /..2. miles long (probabl.7 1n tvo parts), U miles 

vi.de, which has a total area of 450 square :ciles. 

!.J Ten hour exposure values are c'hosen e.e f'ollow a lethal - 500 r, sickness -
250 r, biolorical concern - 50 r. These terms refer to the effect on 
exposed pe~sonnel and\not take shielding into account. 

~ 
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c. An area of bioloeical concern 350 m~les long, 15 miles vi.de, 

vhi't12 has a total area ot 3 ,soo square nllee • 

l,t,,4 Southern California keA• Fi[Ul"e 4.5 bas been dra.'tl!l vith-~ ground 

.frr0~ at< San" !'onica, CaUrornia. The pattern takes ill near~ all of tb9 

k!t.ropolitan Ioa Angeles area and a number or smaller cities to the East South 

~~t. A lethal dosare to exposed personnel vould have been delivered to an 

area inhabited by approrlmatel7 4! million people, In thia example, the 

downwind Jna.Ximum area fortunately coincides with a desert area North or the 
' Salton Sea and vill contribute verr little to the casualties. The ares.a 

inv,lved are COnp;irable to t~!OSe discussed in Section 4.6,), Again the vinds 

have essentially no directional shear and therefore the pattern appears a.a 

a Ve'f7 long, narrow area or contamination. 

BEST AVAILABLE COPV 
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5.1 COilCWSIONS 

c~, 

COHCLUSIOUS A?m RECOlX:IIDATIOBS 
~. 

fJ...L -:~· 

.; ~· Tba tollcr.dng general conclus1o!l8 are considered epilll~ to the 
l :! . 
l ~; . . 
ex;perhents reported 1n this prel1rlna17 reportl 
\i. . . 

i. The fallout progrem sucoessf\tl~ acco~llshed its td.ssian ot 

doctll!lanting the activ1:~7 levals !.n the nuclear mshrooni 8ll'l tho fallout 

pattern end collecting ta.llout ~terials. 

2. Tho d"'.ta gathered in the field end subsequent laboratory nnalysea 

will supply the ~~terial tor extensiw calculations or fsllo:Jt prediction 

todels. 

3. The concentre.tion or activity in the stabilized nuclea c1<7..id 

aP!)€el'3 to 00 t).j~ de!1S9 in t!. la;fP.r tleP.r the bottoti Of too ClO'J.d thnn it 

is in the ul:>per ere~. The JX)St intense contours from a S h'T surraee 

burst eppsrently orlgir~te i'ro:m epprOY.itttely 100 rlcron diemtor p~..rti-

cles et 50,000 toot elevation, ,_#i ~ rC"0 :i o;.; .- of 'I he- · ,. 
Lt :.c. a{_ '7{ ~ C.. ~o u. cl· 

4. The conoentr~tion or ectivity near 30,000 feet in the stem ot the 

n1sbroot f'ron & 5 l~ burst u less t~en 3 percent of the concentration in 

the cloud. BEST AVAILABLE COPY SAN BRUNO FRC 

5. The techniques used tor land, e.oritl, e.nd oceano~hic B"..trVe7 wre 

successful. Sone ot these techniques C£D be_ epplied tie Jd.ll't817 sit:iations. 

6. Libor~tory EDcl.ysis o£ vater Gro:iples and cereful ene:Lysis of pem

. tration or ectivity in the oce~ vi.11 probn.bl;r provido the bllSi& for en 

aocura.te fission c.!ld activr..tion product reterlel btlf'..nce. An estinate ot 

the eu:>unt or e.ctiva ns.terir.l rencin1cg in the ~~r etr->0sphare can be 

mada subs&.;n6ntq. 



.7. Within _the accurac7 or thil prelir.:1nap- da~ the fallout e~sure 
at .. d~ ~:---f ~ d-~~r,,') ~ ~-~ t;....--;l.. r;. f'. 

rate produce~r,b7.,.1f vea.po~ or a tf"9!1 f1e141,11 rroportional to Uw' fractional 
t 

radiological Ji.eldf • ' 

8. The errectivenes1 or the Y&riows fallout eurve7 techniques wa.a 

rreatly enhanced bJ" the coord1nat1-,n provided by the Porgram 2 C ntrol Cente~. 
\ 

9._ The rre11m1na17 ~at.a indicates that a surface 

burst vould deliver lethal ~osages to exposed personnel over an area in exces1 

or 1500 aqua.re miles. 

10. Exposure rates 1n excess or 101 000 r/hr at H,t.l. hour vere present 

in the vicin1t7 of the crater or the Mohavk event. 

ll. l minil"l~l air burst over vater produoee no fallout or militarT 

8 i rn ificanoe. 

5 .2 REC(J~"E?IDATIONS 

The onl7 rec~andation m9.de on the basis of this preliminary n~ta is to 

U~E comOOR INFCID'1'TIOK WITH CAUTIC!l. 
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PROlECT 2.1 

A.Pr£::~1II A. 
..s:'vHHr.;x y :-4- -""-::~/.I' t.;,.,-.. ::.;:;c, c t:/,,..,,,E A///)r;-cN ..-M: ·e .. /L'" c 7.J 

! : 71 U. I :;&111.!"'.o!. 17.posure Versus Dh tc.nce 1 lll I~/ 0 • 

~ct2.2 

\ '.; l'ithl C&;:!U J:~e P.ate ferlJ'lS Tmt, I'.M /JI/ • 

Project Oi'ti~t Y-r. ;'eter BrO'tl?l. 

lzte.t qi ;yena S 1gnel Lal:orat0l7 (ESL) • 

Tbs'3 proj~cta p~e::d tih packs ~-ld. Co31Mtars throUt,;.""hcut Bildn1 

!toll and a'.bo!.rd a nn~r or tbs t'loatll:g statio!lS. So= of tl10 sta:tiona 

vare also i!'.s~t!:d vith an 1oa ~~.n~r mi rccordbg darlco tc doca

ment ti~ ra'1.tati= e.~sm-e rate es a !'unction or tim. The 1n1 titl redi

a.t!cm ~&3~nts el.so um b7 these l?l"Ojucts ha?J ~ot b~cn eonsidcred. in 

this report. 

J'ROJ2C? 2.61 BEST AVAILABLE COPY 

_,, 
Str..b!llze? Cle-ad, Im I JI J • 

Proj-3ct O.tt!eer& Mr. Richard It. Soule. 

!~~1071 u.s. ?fa.'f'J!!-1 f..adiolo~ic.3l Defense Laboratcq (Im>L). 

bead:J ot 61- inch rocket propelled 1~spbcr1c SO'"Jlldi11t ProJectilea (ASP). 

Tbes;3 rockets vere then no'4 throaah tbs DU.clear c1oud (em stem) tram 

ehota Ctr:r..OISC, ZW.JI, !:Ai.-UO, £M TS"J.l end the telet"etered expo3ttre re.te dda 

vas r&ce!ve4 and recorded a\ duplic~.:te sta.tior..s abo~-d the USS 1:5.DSOi 

(Am 101) end X:~ Island a !l1ldn1 Atoll. 



PROJ""Ar 2. 62 

(!tlet F~lcmt C~1 bJ" CetF..!lozraphlc An-:lya!s, mt /.3 IC• 

P?-03ect om~~rt h. !'am~ n. 1eunh.,:s. 

r :·~ .lgenCJ1 Ser1P?S InrJtut1~ ot O~~'J~~~l~ (SIO). 
I ~ . 
t \ '. The l ... "OO?l !!?d ocean fello!lt arc~ ve!-e :.'!'.::.~..:! ua!ni :-,., !1:7J, tvo 

destro.yer·escorts, t.nd the oceuc·~~Mc t>tL.~7 yessel ):/' FY.lIZOI. 

placed a'bov-d ~lie !AG 39 and !AG /J.}. 

PROJWT 2.63 BE.ST AVAILABLE COPY 

Projeet O!'ric~r• Dr. Te~-ry Trltr"et. 

J.gcneyt 1J. S. l!~vtl Radiolo~etl Defense La.bcratoJ7 (mDL}. 
. SAN 1mu"NO FRC 

This !J!"Cjeet provided the m~crlty ~ collie"'"....ors ~i· Lnt~ctors 

pl~eed abo1.~ tho f1oeting collection st.at1~. CO!:t>!ote ~ 

tion, incl:id!ne incr~ Slld t-otal collectors. ~lr•.).~te record

ers. ~ tot~ ~:)Z-.lro !.n.:.tru:r.rcl.s6 ~"'&:-a pl.'\ee-d e.bo1.""'tl the ' .. ~JO ~':s• 
- \ 

an L.~!, tvo m3 b::rgo~ :e:oorcd in Dll:lcl L3ec-ot:~ and ~t tbl ~or".li~ 
. . l 

• 1· 
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a~lded labo:ratorr 1n r..ich ra.-Iiation rate, tlcroseopic, and apeetro

metr!.d nensureents could be perto!T.81 on tbe fallout sa:tples aa thq __ . 

&rr"iTid. ToUl eolleetors, tot.al exposure inetr\Wellts, am time of 
r~j . 

arrlnl detect.ors~ placed ab'lS.rd the deep r:ooroi skitt• providet bJ' 
. t ;. - . 
· P~~.~ 2.~. three pontoon re.n.1 in Bikini L!igocm, aid at Sites m.:o~, 

't~llll~, an4 CHARLIE in fil1dn1 Atroll. 

~~T 2.6ft 

Titles Fallout I.oe:lt.ion Uld Dellneaticm BJ' Aerial &J.rYe71 Im /2/Y. 

Project Ot!icers 1~. Robert T. G~veson 

Atcnqi nw York Opr.rationa Office, u. S. At.o:d.c E-nera CO!:d.ssion 

ci.-Yoo/AEC) BEST AVAILABLE COPY 

tlo-wn over the oeesn fallout are:ls to pcr!or:a as ra;·id en1 eo~-plet.a 

a surve7 as possible. C;.libration tli~hts vith n speet.ro?:Jeter in & 

helicopter end radiocha"!ical an;.~~sis or ~ter sa!:ples ~~re perfor=ed 

to ~uce the da.ta to· absolute intensities. Instru:nentation tor cross 

correlation 1-JU placed on the YLa-39 £rd YA~O. 

Title: IaM Fallout stulies, rra 12 I'(. 

Pr~jt?ct. otricer1 ?~. !I.mitred r:0rgentha11. 

Age.91q: Cbcical r·arta.re laborat,ories• lrs:f7 Ciierl.ca.1 Cent,er (CWI/ACC). 

This project provided the prl.ia17 h.m ftillout collecting st.ation9 

and instl9U5lent.ed a nw.her or isl!"~-1s in Bild.ni Atoll tdtb total am in-

cre;;-~t.al conectors. A s::a.ll nunber or ~ticns \.~re instrumented tor 

-~,.·· ..f~'-2\~; . ~ ... 

,... 
I I 1") ~ I 

\,/ t .: ~ .. (· 1 : 1 . . . ..... 



one •amll• abot at lnivetok. Om reD)t,e ~nectar vu located at 

~rlt Atoll, U> miles eouthe?J.d ot Bikhd.. The aemplca traa tbeN 

collectors wre eabjectec! to radl~loal end rad!ocbe?dcal enat.,_. 
t.o ~4etcm:dne specU1o act!:rl t7, pertic!a alz~s, cllstri but1on ot actlrlq · · 

I.. -

~ l: 
OD, a'D4 within the pcrticlea, cbet4cil tract1onat1on• etc. ~ !.nstnl
t F· 
aaentatton·ves plac94 on • DtJ.Wer ot the fioati~ stations tor carrel.a-

~~~~"-~ 
t1on purposes. TM.a project also ma1e guma .,. rate mesuroI:8nts cm 

islands in both tba B!k!nl and !nivet.ok Atolls b7 xeans ot a c!etector 

vh1ah vaa low-erod to the groun! 1'z-oa a bellcopte. 

PRO.EC! 2.66 

T 1 tle I Eerl7 Clot14 Penetratitm, l'i1l I.:? a{ 2-
ProJe ct O:rtioei-1 Colcoel Ernest A. Pinson, VSAF. 

Azenc:n Air Forco S;ccinl 'i:C~ns Cent.or, Air Research an4 

Dewloptllnt Conrtald (SWC/A..tU>C). 

B57..B drc:ra.rt, e»rplateq !nstrm:ented ~ exposure rate and. total 

expoilUe vere tlow tor br!et perlo4a vit.hln the nuclear elands to ob

tah personnel exposure am eircratt cont..:Jna.tion data. 

moncr 2.11 BEST AVAILABLE COPY 
T1tlea Ship Shieldllg Studies, rm JJ ~I • 

Project Off!cert >tr. Be!ns Jlhmert. 

Ageneya 11. s. Sant Ra.diologled Defense Le.borator:r (BRDL) 
- S.t\J.~ 1).R\J1'0 FRC 

!'his project. vh1le basW-117 intended reg 8b1p shielding studies, 

provided garas~~~1,e information in conjunction with Project 2.63 

011 tbe shlpa !n the reeion at tallottt. 

"i-Ol 

C.n ... ,, f'"'-•, ,, 
' ' .... t .. •' -:- .'-< - ~ ·:~ 



c 
COllSntUCTIOil OF P ARTICIB 1,LL PU>TS 

The construction ot a perl1cla tell plot beGir..s vith the asmn:pt!on ot 

a wrtJ.Otll. lim source or particles aoova groand zero. For t~ p~a ot · . 

~be_~~ 2 o~rat!on.U plots ll!ld those presented in tl-J.s~nstruc:U.ollll 
~ 1 ~ 

vcr8· ~ rcr ra.ir pat!cle sizes ontya 75, 1001 200, en1 350 mcrons. 

The \.i.nd velod. t7 observed et a 5,000 teet interval va.1 as~~d to repro

eent tli.e average vim tbrOlJ8hcr.!t the 51000 teet leycr contorod at tbs.\ 

~!Ght. Tl"Cretore the vim velocity, mltipllcd by too t1m a p,:rti~ 

p!:).rticle takes to £e..U tbroueh a 51000 teet layer, gives the horizontal. dis

placc~nt ot the put!cle. The particle tell tims wre calcnlatcd f'rom 

ecrodynnmc e~3.t!ons, choosing a reprosentative d:r density e.nd. vincosit7 

profile for the lfarshP.ll Islr~s atmnphcre. 

In construct!~ a pattern wich mglccts spaco end tir:e varll?.tkn ot 

tLe v!,~c! profile, tbs static hodo.:rc.ph 1s ~t convenient. It cr-.n be draun 

s1I;.4ly by placing tha dispiaco~nt vectors end to end conxncing ld th the 

l~~st altitude. TOO resultant line represents the locus dong 'Which tbe 

given size particle3 from eJ.l a.ltitu:Cs errlve. ne ~ proceaure is re

pac.tcd tar each of the particle sizes. TJ.l3 loetl.S of tll p·Tticlos ~m & 

civon e.lt!tu'18 ca.n then be sl:etcllod throllu'il tbo in:iiviclnal points. 

A tiro varying. eual.ysis necessitates oore labor. Since the v.tnds at a 

p~-tiC'J.ler altitude cban39 as particles .rr~ different elt!tudss aoove S~' L~(L~O FRC 

arrlve, the s~le hodo.~pb c::llllOt ba uood. The proceuilre ~ oonstructiq; 

the actual pr-ojacted trajectories nmt ba i'ollmrod. This prooei!ure involves 

constructing a co~lete trajecto.7 fcl' each p~icle size tro:i eech altitude. 

BEST AVAILABLE COPY 



_( 

The space ·VRrlation can al.so be !nol.uded in this ~is. 

~ particle tall plots in this ropart have boon constructed includinc 

tir:a and spece variations \lhemver these h~ ~precicllle ertccts on the 

patten. 
~ : 

. t '9m- the purposes ot fallout prediction, particulerl.7 as e.ppliod to the 

prob!en ot pos1t1ordllg ships tro:i tm Pro~cm 2 Control Center (soe Section 

2.3.6) 1 tbe predicted 1lin:1s wre mcesacrily utllizod. Since the predicted 

tir:e variation is even mre uncertnin than the predicted zero tirYl v1nd pro: 
tile, the rormr was JX>t inoludcd 1n tho 1n1tiel analysis. Shot titn en! 

letar v.1nd observ:itions wore used in n ilia varying ~is to reposition 

tel.loot collecting ships until tba7 rccdwd fallout and to direct the t:mion 

ot survey whicles so as to evoid re~iving direct fallout. 
s ~ 

Tho positio~ or tlie tal.lcut ooll(lctil'l6 ships ~ dotcmi~d lTJ ass-.m-

ing that the cajoricy of tba e.cr~vity V'1.0 in the lu...rer tJiird or ~1C ~..nitinl. 

cl.a.id. Tho liI::it or int::rast is given bj tha 75 micron particles Dinco 

trJCOO tall et late tir:ss OVar VSI"f l~Je are3S nnd h~vo only a S!Y!l.l i'rnatlon 

ot the total activity as~ociated vith then. The tims ot e.rriT'--1 c."?d oesoa-

tion or tall.oat wro ~..J.cula.ted fro'm tho constructed p:ittcrn e..~ the particle 

tall tirn deta, as~ tbe errectiva radioloJicsl c1.a.ul to have the ~ 

sions or the visible c101d ro:ccpt wen oor..sidering t'!-le larger p?.rti clos. One 

thO".l.S~ micron diareter particles wre e.ssu::od to be present in only the 

inn:.;r 10 percent end 500 mcron particles in 50 ~rccnt of the clo:.id. This 

asS\ll!Ption tx>dif'ied the close-in talla..tt to corrcsziond to actual obscrw.tiona 

at previous operations. 
- BEST AVAILABLE COPY SA:\ BHUNO FRC 



It wa not moos~ in CJl1 or th!a vork to e.ssociato a specific activit7 

conOOl\tration vith ea.ch reefon ot the clo'J4 c.td pe.rtlcla size end hence to 

dotomine Uie actu.el radiation pattern. It is en aim ot this report to Pro-
• 

eont data out or wb!ch such a3sociations oen be ZlSda. 

BEST AVAIL. 
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RADIArIOlf COlIERSIOB FACTOO.S 

r !. 
tor tha pal-poses ot tl:e calculations !n this report, certain OOI1'99rsion 

t ~ { 
- :tactors wre needed to reduce radiation &ta to a OO!TOD bas!a. Tl» tactora 

\ ! :· 

rolated to tha conwrs!on ot ~.a ~sure rates betvoon different d!a-

, t~oes i'rom the source have ocen c:.lculeted in Reference 3l and e.re Wtt'lSr

izcd in Table Cl. The factors relating tbe obcerved exposure rates to the 

donsity ot e.ctivo souroos have el~ been derived in Reference 31 end ere 

outt:~ized in Teble C2. 

BEST AVAILABLE copy 
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TABm Cl IBIGil'l COUVERSIOB FAC'roRS FOR GAll·~ EXFOSUrS 

I Heiabt Above Sur re.ca in Foot --

\ 10 ! 2S ! 50 i 100 
I 

250 l 500 1000 I , 

!'actor to convert I . 
reading ebow lend 1.4 1.7 2.2 3.1 s.2 l2 46 
to·bcieht ot 3 rt 

Factor to convert 
reeding above vs.tar 1.0 . 1.1 11.1 1.2 ' 1.s 2.2 6.2 
to beieht ot 3 rt I 
lloto 1 For RadSa.fe e.oriel. re!!dinus en ad.ii tional f'aotcr ot 1. S \:SS 

f'oa.nd to be ne caar,arr to JXl?'r.alize readirus to Project 2. 65 
helicopter probe reedir.gs. 

BEST AVAILABLE COPY 

TABIE C2 COIYSiillIOil OF AC1dVn'x n:r:sm ro EX?OSJRS RATS 

1 Volru:n density ot aati vi ty in vater •••••••••••• 1 rurlo/&) • 

!~sure rate reading in vat.er ••••••••••••••• o.6 r/lr 

E~ -rate reading 3 ft above wter ••••••• 0.3 -r/ar 
VolUte density or act1vit7 in air e.t STP ••••••• 1 m:r!a/,;J 

E~sure re. te rea.d.l.ng in d.r •••••••••••••••• 1200 r far 

Surrece cbnsity or aetivit;r on 1.eni •••••••••••• 1 C:Ir!a/il-. 

Ez;posure ra"6 at 3 tt abovo land ••••••••••••••• 6 r/ar 

SAN BRUNO FRC 
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APf'i:IDII D 

INTERPRETATION OF EXFO:lJRK RATI VERSUS AREA PI.OT 

A plot ot converted H,ll. hour expoSur. ratea ·nrsua area o_t contour • 

. : i'- ooe\Gur an log-log paper la a part.icularl7 usetul. tool tor ana.qd.ng the 
~ 

~ 
. ' traction ot the weapons tiesion products lddcb baa been deposited in the 

.. 

local tallOut pattem. It appear-a that auch a plot can usual.l.7 be ·fitted · 

b7 a straight line ot slope -1 over a portion ot the data, with the ex-
. . 

treme points fal Ung below this line. In particular the predicted value1 

trc:a Reterence 29 tall oo such a line tor more than a factor ot 100 in 

area or exposure rate. This line m log-log paper represents a recipro-

cal relation between exposure rat.e and area. It ha.a a particular aig

niticence in terms ot the integral. ot the exposure rate over the area. 

For thie reciprocal relationship the value contributed to th9 integral 

b7 &.'V rarticular ranee ot exposure rates is the same as that contrib-.ited 

by &."lather range having the sar::e ratio or upper to lower values. There

fore, tiost or the material deposited lrr1.ll be associated with the rart ot 

the c ur-v-e that tits the line or slope -1, and a srialler porticn with th• 

points that tall belov this line. 1 crude estimate ot the radiological 

7feld observed can thus be calculated b7 multiplying the area = 1 inter

cept, b7 the natural logarithm ot the ratio ot the upper and lowr area 

values tor Wich the straight, line makes a reasonable tit to the data. 
J~~tul. ,.tA~l~.,J;,,. 

For example, in Figure 4.1 the"S KT predicted~llne,:l)U an intercept, ot 

approximatel.7 1.;i. 10S r/hr at an area of 1 square mile. The atrai&tl\ 

line tits the predicticn over areas covering a factor or soo. Therefore, 

th• integrated material corresponds t'EST AVAILABLE Cf>PY, oFRC 

1.s x 1oS loi:e 500 = 4.7 x 1o6 11112 r/hr. .. · : :f ~ 
Assw::ing a conversion !actor ot 1200 mi 2 r/hr per Ki'~~·'- ..... J ~ 
assumes JOO megacurles at HA per KT). the clt-B~~p .';:;f o Jlfu\.TA 
3. 9 MT or 7S percent ot the total :yi.el.4. Q 'J,, I "3 
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APPK~DII I 

FRACTION OF SOOT ACTIVITI IR FALIOOT 
·' !\. 

- For the purpose ot checking a:,nuiwber ot para:net.era, the quant.1t.T ~t 

trl radioactive material ln the fallout areas were calculated anc! comrared' 

vith the actidt7 resulting traa the tiaeian yield ot the bocb. The 

nonr.aliuticn !actor used we 4000 mi 2 r/hr per KT ot tieslon Jield •. 

Thi~ tactor vas derived b7 exa.mining a d.ratt ot the Operaticn CASTLI 

Project 2.7 ~port (Retere."lCe 32). 

The tot.al activit7 enca!lpassed b7 the CASTLE Shot 5 contours wa.1 

normalized to 10% ot the weapon' a tissiai )'i.eld ""11.ch vas determined to 

be inside these contours b7 an absolute beta counting technique. The 

percent of the total. aetivit7 tor REOv;InG eLots ie presented in Table 

El. The percentage ot activit7 values as five:i, must be accepted ldtb 

reservation since the errors and uncertainties 1n the deca7 expo:ient1 

and nonnallza.tion !actors can easil.7 amotmt to factors ot 2. 
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